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The  dr.t»cs  of  tho  National  Pefonse  Research  Commit**?* 
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projects  and  research  prof  rams  on  the  instrumentalities 
ot  warfare,  tofethcr  with  contract  facilities  for  carrying 
nut  these  projects  and  programs,  and  (t)  to  administer 
the  technical  and  scientific  work  of  the  contracts.  More 
specifically,  NDKC  ft  rationed  by  initiating  research 
prv  »cta  on  requests  from  th*  Army  or  the  Navy,  or  on 
requests  from  an  alii  1  government  tran.  tilted  through 
tho  Liaison  Office  of  OSRD,  or  on  its  our.  considered 
initiative  as  a  result  of  the  rr  it*  c-aibcrs. 

Proposals  prepared  by  tlw  Division,  Panel,  or  CmwjrH  ee 
for  research  contract#  fo  performa*»ce  of  the  w<nV  in 
solved  in  such  projects  wore  first  reviewed  by  NDPC,  and 
If  approved,  re  jmmended  to  the  Director  of  OSRD.  I'  pan 
approval  ef  a  proposal  by  the  Director,  a  contract  permit 
ting  maximum  dec -hi lit  v  •  f  scientific  effort  was  arranged. 
Tim*  business  aspeeta  of  the  contract,  including  *wch 
mattirs  a#  materials,  rfnaiancos,  vouchers,  patents.  prl 
(Ml ties,  legal  matters  a  *d  a*tm  »t  st:  of  patent  mat 
tees  were  h«l  died  by  the  E*»  eutl'e  Vrreiarv  of  O^KD 

Ongjia  iy  NDRC  a«' m-nMsred  iu  wo  a  :fc~ough  five 
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TVDKC;  FOREWORD 


As  KvtNTrt  of  the  year*  pre«*diug  1  !>)'.»  revi  sled  nm.c 
■  find  more  clearly  ihe  eeriousijeat  tf  the  world 
situation,  many  Mi<iiti*ts  in  this  ruin*  try  <  a  me  to 
’•faliie  t'a*  need  of  organizing  «HillSc  research  for 
\ Ko  in  m  national  emergency.  litvomnwudatinn 
rvJueli  they  made  to  t!ie  White  lliii*)  worn  given  care¬ 
ful  u»«l  t*y inpatliHu  Attention,  anil  *.•*  a  ri*ult  tin1 
National  Defense  Rewardi  Committee  [NDRC]  wan 
formed  Itv  Kxecntne  Ord<  r  i>f  tin  I’roaidoni  in  tin* 
summer  of  IfMO.  The  mciiila-rs  of  XDHf,  appointml 
by  the  1 'resident,  v  ere  iiialrnet*  I  to  supplement  the 
work  of  tin  Army  and  the  Navy  in  the  development 
of  the  instrixiif utilities  of  wur.  A  year  later,  ujso)  the 
cetahiirdiinviit  of  the  Ollicc  of  Scientific  Ki  wardi  mid 
!  M'\clo|>ment  [OsKD],  N  I  Hf <  “  lax-aiiic  one  of  it.-  uni!'. 

The  Summary  Toeliunul  Report  of  NDRC  is  a 
coma leutious  effort  on  the  part  of  N1MU  to  smiiumii- 
nzeaml  evaluate  it*  work  and  to  prc-eiit  it  in  a  inein! 
and  permaueut  form.  It  comprises  wane  seventy  vnl- 
uriua  broken  into  groups  corresponding  to  the  NORt 
Divisions,  Panel#,  and  Committee*. 

The  Summary  Technical  Report  of  each  Division, 
Panel,  or  Conti  nth*  is  au  integral  survey  of  tho  work 
of  that  group.  The  first  volume  of  each  group's  report 
contain*  a auiwniary  of  the  report,  static **  the  problem* 
presented  and  tlw*  philosophy  of  xttaikiug  th  m,  and 
am  mm riring  the  rewilt*  of  tin  research,  devclopi  lent, 
and  training  eetivitM  undertaken.  Some  voliitMe*  m*y 
Ito  “stilt*  of  the  art’’  treatises  covering  s-hjecu  to 
w  liiih  varioi.v  research  groups  ha*v  contnbated  io- 
fonnstn  n.  Othei**  may  contain  <l«  ripti.-i  -  <<f  ihui"* 
dcve)jp*>d  in  the  h’kinatori**.  A  master  imho  of  all 
these  divisional,  panel,  ami  committee  report*  whiih 
together  cxunvUntc  the  Summary  Technical  ltepc.t 
of  SnilC  ta  cont&ouii  in  a  separate  volume,  mu  li 
nl&o  includes  tf-e  in  lei  of  a  nrcrofilm  record  of  per¬ 
tinent  tx  h  meal  lah  rat  try  reports  a*d  rs/eren  e 
material. 

Sou-  of  the  NDRC  poiiKnra]  nweanhe*  which  had 
Inin  <l*i  I  ass  i  fled  ly  the  end  of  PMK  were  of  si'Viewt 
popular  interest  list  it  «as  found  desiraW  t  rmert 
tl»*m  in  tit*  'em  of  inn  ograpSv*.  aa  tit*  sen** 

on  ra-Iar  hy  Ihvi-on  li  aws!  ti>  monograph  on  aa 
ping  imptinn  hi  tl  \p4**l  ilatk  fcatww  I'arn 
Sii-«r  the  **at  rial  treat  d  i*  th*r  >•  -t  d-  'lo¬ 
in  l**  Summary  Tei  h  nil  it-  n  m  NDtr,  th* 
r’  Ugn, .  M  arr  t"  im|»*ttaH  |wi  of  t*---  s*r  *f 
time  an*t*d  NKRl  remark. 


In  contra-t  tu  tin  itifitnu.il ion  oil  radar,  whi<  li  i.- 
of  wideepreud  iitierut  and  tmiih  of  vthieli  is  ndwnsed 
to  the  puhhc,  the  research  oi»  snhaurfa-.i*  warfare  is 
largely  cla-eith'd  and  i<  nf  gsinrul  interest  lit  a  more 
re«Trietial  group.  \«  a  ini(M'i|iiri[i  • ,  the  r<  (»>rl  >«f 
Division  <i  is  found  almost  entirely  in  it»  Summary 
’I'l-i  lniii  ;il  l«V|Nirt,  winch  runs  to  over  twenty  volume*.. 
The  extent  of  the  work  of  u  division  cannot  therefore 
Is*  judged  eolelv  It v  the  nomher  of  voliniiee  devolid 
to  it  in  the  Summary  T« clinical  ’fi'iMirt  of  NIM{C; 
ueeniiiit  iuiinI  lie  taken  of  t!n>  uiitn.igriiplia  and  avail- 
ii Die*  repirtx  pnhlieliiil  i  1m  where. 

The  niz»-  of  tin*  Tn»pic*al  ltetcriuratimi  AdiuiniKtra- 
tiic  l  'oiii  m  it  tee,  one  of  the  Kinrtlle't  of  the  NDKl' 
grnii[v<,  comivi ituted  no  nieamire  of  its  importance  or 
aii niiiplialiriii  litn.  The  value  of  the  t  oiiiiiiitti‘**,s  work 
extend*  In-yond  the  w«r  int«>  tlio  js'Hi  *.  I  nder  the 
chuirmuiolnp  of  < t liwtai ne  J.  ht**den<  th*  niemlicra 
of  ihe  (Vminittee  ojmiicd  up  a  m  w  field  of  kiiowlra'g" 
when  they  nndertieik  a  pingrani  of  fnndamoi.tal  rc- 
iM*anh  on  tin  dcferi-natioii,  mid  r  tropinil  cmi'ldioiiri, 
<>f  eipnpiiii  nt  and  mpplm  |<art  iruharly  Irnrii*  ,iml 
otln-r  eoui|Miiieiite  of  cai'iera*  and  opt nml  inxtrinin  nt*. 
tilniH,  textiles,  rifins.  and  plastnn 

Th  ing!)  tin*  orul  of  die  war  found  the  CoinTinltiieV 
atudi.  s  still  ini „n>|'Hi',  many  ►imiif.  ant  prehniioarv 
n  suit*  had  lux  n  olrtaim il.exn  usm-  ix-th*r  timo  of  fm  gi 
mol  h»<  t  nu  lrotidencl  our  ^.lw*vi'h•^1g•,  of  th  relation- 

eliip'  of  (lie*  or'-id  in*  to  d(*t<  ri>M,«i ton  pnxx^Haiw, 

and  i  (lcxliM»  npplir  tiouaof  fnngii  i>l*»  and  protiw  tive 
1*11-1  In "l*  had  Is**  i  dm<*lo|ml.  Alt  ntdu  jiiin  of  the 
impirtiit  <e  attsi  luxl  hy  the  Arnaxl  .vrin.  in  the 
work  i*  the  ft**  t  that  rix  of  tin*  proje*  t*  ink  rtaken  hy 
the  Ctmmitt  *  ,ir*  l*eirg  (imtiuiiixl  hy  th<  Army  and 
Navy. 

Tlh  Snama.V  Teidmiial  lh|*-rt  of  tie  ('  i  inittee 
hae  la  n  prewired  nader  tlx*  dirn  f«»r>  t-f  th*  t  lwnr- 
lwatt  bimI  iiaa  lax-n  anlhori-el  In  him  f  *r  p-iH'cm’i«ti. 
Tbi«  r**it  rt  e*  a  m-ord  of  i  sierpri—  at»d  ve  n  in 
invest igai  a  hitherto  u  *xph*re«l  l«t,|  »^f  n*a*arv'i, 
«l*»1  <»f  »  >rk  n  lav  if  g  i  f  1st  ion  if  f*  t  for  fat*re 
ihvihp  <i  *  h  -r  1  ►  —  (  uni tiv'o  >i!,uv  -  .  * 

<  xpr  m  i ~  r  >Wp  grautitV 

VvxxrTia  lti*n,Dip  t,*r 
ef  Srw-whi  f.'aaaarc  *a4  /'*r  to  pm  nt 

I  It  <’rr*  xWT,  <  -a*r--a* 

,V*  V  s*rf  /'*/*  1,'n^rd  t‘<nm  s  •//** 
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FORE  WOR D 


Tit k  t*HJ  v K  uiki  iii *Tt \  km  of  the  Amiv  mill  Navy  in  re¬ 
questing  (lie  NDKC  to  undertake  a  project  on  the 
pievontin:i  of  tropical  deterioration  wen*  to  effect  co¬ 
ordination  between  the  individual  program*  of  the 
military  ugciicR*  and  to  arrange  for  additional  atiidicv 
which  were  needed.  Sin  p  flip  primary  ]»n rj.^^  of  this 
report  ip  to  sum  mart  sc  the  tivhiiunl  a<  minplishtn^oU 
in  the  studies  which  wcrv  undertaken.  attention  is 
gi  en  >ii  tlii.s  foreword  to  the  baekgroiiiul  fur  the  nd- 
niinistratiu,  of'/aiiizatiou  which  was  primarily  respon¬ 
sible  for  the  Mtcoea-s**  in  coordinating  individual  and 
ps.|wrttte  invuttiguttniia. 

In  February  HU  I,  a  conference  was  held  attended 
by  101  Army  tend  Navy  officers  and  DSHD  repreaen- 
t  ill  ires.  Inasmuch  a*  large  wale  activities  in  tropical 
region*  had  presented  a  serious  problem  in  the  losa  of 
equipment  throng. i  tropical  deterioration  ami  an  even 
more  aerions  problem  in  the  unservict ability  of  equi|>- 
«<>ent  needed  for  His*,  the  conference  ww  held  in  order 
that  various  interests  in  the  problem  might  b**  stated 
ami  in  order  to  cuitaidcr  an  organization  through 
which  coordination  of  all  investigation*  on  tin-  jirolv- 
lem  could  lie  realized. 

Tn  effect  coordination  and  guide  all  the  iuterrela- 
tumshi|>a  of  *t m lies  (lertmeut  to  the  proldem  it  was 
projsuMd  that  there  la*  established  a  Joint  Army-Navv- 
Ximt’  Tropical  Deterioration  Steering  (Vinmittcc, 
combating  of  t‘  we  inemls'm  each  from  tlie  Army. 
Navy,  and  the  NDKC.  Tina  pro|>o*al  was  formally 
presented  with  a  Project  >*t  for  Army-Navy 

Project  M.  During  nmat  of  ita  activity,  tin  foil  wing 
were  m-mlier*  of  the  Tropical  Deterioration  Steering 
Committee:  For  ilie  Army:  lit.  Col.  Ibm  Hroiise, 
t'oloml  \V.  J.  and  Major  K.  I’.  Wilhvx;  for 

the  Navy:  l*t.  Commander  11.  W.UiHwrt,  Commander 
A.  K.  MacUee  and  Captain  K.  0.  Phillip*;  for  tha 
NPtfC  Tlseodore  Dunham.  Jr..  Sclman  A.  Wikmian, 
and  UuBtavii«  J.  K**dAi,  t  1. airman. 

The  Tropical  I Vtcnoratum  Administrative  Com¬ 
mittee.  having  tin  u  uni  mhninistrativc  and  tc-ehnieal 
functions  of  an  >»1)KC  division.  wa*  rTaidishcd  on  the 
recommendation  of  the  Steering  Committee  to  arrange 
for  variovm  contracts  whic  h  w  re-  nreded  and  to  super 
vis#*  their  eentnu*  auiv  t'es.  Subsequently,  subcom¬ 
mittee  nr  'lie  Adninistrativ*  Committee  were  organ¬ 
ized  t>  insure  that  ini|*ortaiit  problem*  pe.;-c*«d  in 
various  hmad  fields  would  In*  covired.  Sulcoonnnittro* 
wen*  a|<|K>intcd  as  follow*  :  Coordination  of  Teat  Meth¬ 


ods;  Ha  kagmg:  Klectrieal  and  I'.hstronic  F.quip- 
inent :  Textiles  and  Cordage;  Opti  ul  Inatrunnuta; 
Synthetic  Ifesins.  Plastics  and  Plasticizer*;  and  Hi  »- 
tograpliic  Kqiiijnneiit  and  Stipplie*.  In  addition  to 
OS1{I>  ap;a>i:itecs.  Army  and  Navy  |  udiiiu-I  served 
us  inemls-rs of  niovt  of  tin  wuhecmmiitccc*.  The  Service 
jwrsoi.oiel  wen.  chosen  from  Service  bran  •fi*vs  h  :vmg 
direct  interests  in  Hie  |»artic-iilar  subject*. 

The  results  of  the  virion*  r<-sc.i nh  pmj-ct*  which 
were  recommended  to  rmiml  cmi  '  he  tropical  cU-termra- 
t ion  program  are  *umuiari/ed  in  this  r«|sorl  However, 
a  major  activity  of  the  Tropic*!  iMeriornhou  Admin¬ 
istrative  Con.  nut  tee- -the  distribution  of  information 
on  tropical  deterioration— s  imt  rev iewcil.  For  this 
purjsiao,  there  waa  c-stahl w! nil  the  Tropn  ul  Deteriora¬ 
tion  Information  Center.  All  avtcihilile  r<|sirt>.  both 
foreign  and  domestic,  related  to  tropical  deteric  ration 
acre  de|*>sitisl  there  und  alaitracts  of  these  were  pub¬ 
lished  in  the  schii-iunrtlilv  Tiopbal  Dcteri'<ratinn 
f  lit !  lit  it*.  Front  time  tu  time  additional  .'•■nori*  <<i  p|s- 
c  ial  subjects  were  also  jirepared  and  distributed.  rhc*se 
various  puhlications  of  tlu*  Information  tenter  were 
distributed  to  z  regular  mailing  list  of  over  <J,">0  \ rmy 
and  Navy  officers  and  ]al*>rateirio*.  ami  Allied  lals*- 
ratorics. 

Direct  Service  lkii«m  was  aceom]dished  through  a 
rattier  large*  list  of  ap]>oml<-d  liaison  «  fficcrs.  In  addi¬ 
tion  tu  tiie  distribution  of  repej’ts  and  meeting  minute* 
to  tlu-se  liaison  officer*,  sJhvihI  iii«**-tug's  were  held 
with  them  to  review  the  progress  wlmli  hid  l»een 
nude  nt  tlu  various  studies  and  to  obtain  the  vu-vr- 
|s. mts  of  |l:e  various  hrambes  of  thr  Services  toward 
tin*  problems  at  hand.  Ncwslless  to  snv,  the  Seivic 
iiunibers  of  the  Riihconmnttcea  fulfilled  an  ini]>ortaiit 
lini**«ii  function  with  many  brain  he?  of  the  Annv  and 
Navy.  In  this  regard,  the  publication*  of  t  e  Insinua¬ 
tion  Center  were  particularly  efTistive  in  that  tin* v 
wervi*d  to  keep  all  Service  gnni|w»  infor.iinl  of  inrrriu 
progre**.*  in  the  field. 

The  inveatigation*  on  nptical  iHstrninent*  wlmdi  are 
report's!  were  mitiatnl  during  PHI  ami  lt#l<  by  S<* - 
tion  t ft.  1  of  the  N'DHf '  under  Project  0 D- !  J,  Them- 
studie*  were  tr«insferre<|  to  the*  Tropical  Deteiiora- 
ti(/n  Ailmimst rttive  (  ommittis*  slmrllv  after  it  *aa 
organired.  While  tlu*  project  »a*  niidrr  tl»e  hi  spice*  of 
Sevtion  Jfi.t  method*  were  devi  b«|>e>l  f»*r  tl»e  protec¬ 
tion  of  npto-al  iiftninM  Kt*  hy  the  u*  of  v«-lati|e  arul 
eontart  fiiKgic  l«w  end  tin-  I’anaeu  Test  Station  was 
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cstahlidted.  Since  tin  transfer  of  tin*  work,  further 
studies  of  optical  inatrinncnt!*  have  b-en  made,  par¬ 
ticularly  long  time  Held  exposures  and  research  on 
improved  sealing  compound*.  The  program  of  the 
I'tnamii  Test  Station  luu  been  extender!  to  include, 
in  addition  to  studies  ou  optical  instrument)1,  expo¬ 
sure  test*  on  a  wide  variety  of  other  materials. 

The  Japanese  surrender  found  the  different  con¬ 
tract  activities  in  varinua  stage*  of  completion,  hut 
thev  were  deenned  of  sufficient  importance  hy  the  Army 
t.nd  Navy  that  six  of  the  seven  active  contract*  at  that 
time  were  continued  by  interested  Service  branches. 

The  significant!1  and  importance  to  the  Armed  Serv¬ 
ices  of  our  coordinated  program  is  indicated  hy  the 
fact  that  in  aciordancc  with  a  recommendation  of  tlsc 
Tropical  Deterioration  Steering  Committee,  there  lias 
l**en  established  a  Joint  Arrny-Navy  Committfe  hav¬ 
ing  official  standing  to  coordinate  investigations  on 
tropical  deterioration  and  the  prevention  thereof. 

The  micecas  of  onr  program  waa  due  in  a  large  meas¬ 
ure  to  the  fine  cooperation  which  wa«  showu  by  all 
those  wlm  participated  in  the  work.  The  member*  of 
the  Steering  CommiiW',  both  individually  and  collec¬ 
tively.  deserve  recognition  for  the  valuable  aervice* 
which  they  rendered.  The  expert  service*  of  the  mem- 
licrs  of  the  Administrative  Committee  and  the  Sub¬ 


committee  Chairmen  are  also  acknowledged,  [Major 
crvtlit  for  the  weomplu  him-nts  in  research  studies  and 
contract  activities  is  given  to  Dr.  Klso  S.  Barghoorn. 
Jr..  Office  of  Kidd  Service;  Dr.  VV.  (*.  Hutchinson, 
rniversity  of  TVnnavlvaim ;  Dr.  William  II.  Weston, 
Harvanl  University :  Dr.  Oienn  A.  (irostlionsc,  The 
George  Washington  University;  Dr.  llerhert  W. 
ftcusaer,  Soil  Conservation  Service,  U.  S.  Department 
of  Agriculture;  Mr.  H.  F.  Boberteon,  1’akelite  Cor¬ 
poration;  Dr.  Kaipti  K.  Win,  The  Julio*  Hopkins 
University;  and  Dr.  It.  JI.  ’mcc.  nei]*selacr  Poly¬ 
technic  Institute.  The  interest  and  aaaistimee  of  Mr. 
M.  A.  Whiffcn  and  Dr.  M.  F.  Day,  Australian  Keien- 
t i fit*  lleavnrcli  Uiai»on  OtTU*  and  of  Mr.  11.  N.  l\  11  ut- 
clirsson,  British  Common we*!tli  Scientific  Office,  in 
matter*  concerning  Australian,  Canadian,  and  United 
Kingdom  studies  is  also  greatly  appreciated. 

Sjieoial  appreciation  is  extended  to  Dr.  t  harlea 
lleimsch.  Technical  Aide  and  Id.  Wesley  11.  Si  it, 
i  SNI1,  Special  Assistant  to  the  Chairmen  for  their 
unusually  fine  service#  in  handling  the  many  admin¬ 
istrative  and  technical  details  connoted  with  the  work 
of  this  Committee. 
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Administrative  Committee 
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Tt t re  BM'otrr  presented  in  thio  volume  summarizes 
tl«e  technical  accomplishment*  in  tin*  studies  which 
rrrc*  undertaken  I»y  the  Tropical  Dcicriomt ion  Ad¬ 
ministrative  Committee.  No  attempt  ha*  Ikw  imule 
to  Hiseuss  tl>*  important  aspects  of  the  Commit  let* 
work  relative  to  the  distribution  of  information  to  the 
branch**#  of  the  Array  and  Navy  which  were  concerned 
with  tropical  deterioration  prohlem*.  This  constituted 
an  ini|*ortant  advert  of  the  Committee's  program  to 
coordinate  investigation*  on  the  problem*  of  tropical 
deterioration  conducted  by  the  individual  branches  of 
tlu*  Army  and  Navy. 

The  idatn*  of  tropical  deterioration  problem*  a  a  they 
pertain  to  sq*-cifie  tyj*ee  of  materials  baa  previously 
been  summarized  in  a  imtnlier  of  reports  which  have 
boon  issued  Sy  the  Tropical  IVterioratiou  Adminiatra 
tiv  •  ('oinmittee.  The  classes  of  iteruls  for  which 
sm-h  reports  have  appi-ared  are  as  follow* :  Optical  in¬ 
struments;  textiles  :  synthetic  resins,  plastic#  and  plas¬ 
ticizer*;  and,  photographic  equipment  and  supplies. 
In  addition  to  then*,  a  report  has  alan  ap|H*arr<!  which 
summarize*  and  evaluates  the  variont  test  methods 
which  have  proved  to  be  useful  in  i?et<  rmining  the 
suitability  of  materials  for  tropical  service.  Those  re¬ 
ports  have  sot  >ed  as  the  primary  Iwsis  and  background 
for  certain  of  tile  chapters  in  this  volnme;  for  m- 
stum  -  ,  Chapter  •»  is  an  abridged  version,  aa  approved 
for  publication,  and  which  apjioared  in  the  April  191# 
issue  of  ,1'cu  ru  I'hutir of  a  report  of  the  Committee 
which  diaci.'ser  n,  •  problems  of  fungal  growth  0:1 
synthetic  resin*,  plastics,  and  plasticizers.  Also,  Chap¬ 
ter  fi  is  a.inost  entirely  Itased  on  the  rejtort  whic  h  sum¬ 
marize*  the  activities  of  the  Subcommittee  on  Photo¬ 
graphic  Equipment  and  Supplies.  Thoae  discussion* 


which  are  not  based  on  previous  summary  reports  are 
organized  either  to  relate  studio*,  which  have  been  re¬ 
ported  iitde|MMidcutly  or  to  give  emphasis  to  informa¬ 
tion  which  lias  lawn  only  recently  reported. 

A  considerable  number  of  r\q>ortu  oa  tropical  detc- 
rioration  studies  have  ap|Hnred  from  Army  and  Navy 
laboratories  a*  well  as  from  the  A  It  i«l  (lovermncnts 
of  Australia,  Canada,  and  the  Cnited  Kingdom,  and 
no  attempt  has  Inru  made  to  sunnname  or  to  include 
as  bibliographic  entries  all  nf  uiose  which  were  in  am 
wav  related  to  the  studies  nf  the  Tropical  Deteriora¬ 
tion  Administrative  Committee  However,  rofereiuv  is 
made  to  i-ertain  of  th»>»  reports  which  Ivear  particular 
relation  to  the  studio  rejsirted  in  this  volume. 

In  presenting  this  summary  of  the  invcstig  ition»  of 
the  Tropical  Deterioration  Administrative  Cninmittcc, 
a  highly  technical  background  on  ihe  part  of  the  reader 
is  not  prc#up|*»*od.  The  aim  and  objective  of  Hit*  t'nin- 
Diit tee’s  p.ogrant  and  the  result*  which  were  achieved 
should  !*e  dear  to  all  who  are  aware  of  the  problems 
which  trop’cal  use  irnjo***#  iqxin  the  serviceability  of 
equipment  ami  supplies.  For  detailed  information  ami 
results  of  the  investigetion*  which  havelw-eii  made,  t  he 
rea*lcr  is  referred  to  tlie  various  rc|*'rt*  which  aro 
included  aa  hihhograpliic  entrioa. 

Acknnw^lgrnent  is  made  to  all  tire  iive*tigatnrs 
who  arc  rfs[*>neihle  for  the  studies  re|Kirted  here  for 
their  ideas  and  information  which  have  lieen  drawn 
upon  freely.  Their  experience  and  broad  acquaintance 
with  the  problems  at  hmtd  hav“  laen  a  valuable  con¬ 
tribution  to  this  report. 

ClIAILKH  IIUVISI'H 

Editor 
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SUMMARY 


With  r i« k  Siriirc  request  fur  tin*  project  on  tin* 
prv  vention  uf  tmpiiwl  deterioration  <>(  equipment 
mi«1  supplies,  it  was  re*  om  mended  tiiat  tfivrc  lie  estab¬ 
lished  a  joint  Yriny-Xavy-NIHIC  Tropical  IMeriora- 
tion  Steering  <  omnnttee  to  coordinate  invest igations 
oik  tin*  siibj*it  which  were  thou  underbuy  ami  t«i 
arrange  for  new  investigations  as  they  were 
1-atrr,  u|>on  the  r«M>iiiinoiid*ti»tn  of  the  Steering  Com¬ 
mittee.  there  whs  urganin**!  by  the  OSItO  the  Tropical 
1  keterioration  Administrative  Committee  (Tl)ACJ, 
liming  the  usual  ndiiiinistrutiv e  ami  technical  func- 
t isms  of  an  XDUC  division.  t«»  arrange  fur  various 
*-«*ntrH*“ti*  which  were  iM*cded  and  tu  su|H*rvise  tlie  cou- 
traet  activities.  The  studies  which  an*  re]»rted  herein 
are  those  which  were  under  the  aujierv isinn  of  the 
Administrative  Commuteo. 

In  tropic* ’  warfare,  equipment  and  supplies  aiv 
visually  exposed  to  heavy  rainfall  and  high  relative 
humidity  which  together  introduce  iinierou*  problems 
relative  tu  the  jierfornntnce  and  serviceability  of  mate¬ 
rials,  wher«*as  t li«-*o  problems  are  of  little  or  no  eon- 
»ern  in  teiii]K*rate  region*.  Tropi<*a!  climatic  factors 
i»re  important  in  themselves  iii  that  most  items  of 
equipment  and  suppli**  which  are  i«  t  protected 
uga'inst  them  arc  subj.-rt  to  sever**  damage*;  but  they 
are  also  inipirtiint  in  that  they  fnniid'.  ideal  condi¬ 
tions  for  the  growth  and  development  *u  mu  morgan- 
i*ms  (fungi,  actin'Oiiveetes,  am)  lantern;.  Tin*  ini- 
jkiImimv  of  those  nnenjorganiMus  lies  in  the  fact  that 
mil  t  lively  they  arc  aide  tu  attack  a  wide  range  of 
Wait*  material*  ami  thus  can-c  the  destruction  or 
deterioration,  total  or  (tartial,  of  military  it  rim 
The  mi|s»rtance  of  microorganisms  in  tiie  tropical 
deterioration  >>f  military  items  was  established  in  field 
studn*x  condui  ted  by  the  Australian-  during  the  early 
singes  of  the  Pacific  phase*  of  World  War  II.  However, 
th it*  early  information  and  that  which  continued  to 
I  inline  availaM**  later  tended  to  emphasize  the  nat  ’re 
and  evtent  of  damage  to  material*  rath*  r  than  th*  fui  - 
daiiicutal  reasons  fur  the  damage  nr  hnw  it  urriirml. 
Karlv  in  the  program  of  THAT,  plans  were  initiated 
Mr  a  Science  Miss.c.n  to  Pacific  arras  to  obtain  funda¬ 
mental  information  on  the  *anse«  of  tropical  determra- 
l u m  wi*h  enipha*ie  on  detc nnining  the  role  of  muhs 
organism*  and  the  me*  liain-m  by  which  dsniasr**  i- 
done,  in* hiding  th*  e«**jueiire  of  changes  where  more 
than  one  erganiem  i«  inv*dve*l.  Additional  studies  re¬ 


lated  to  these  were  also  planned.  It  was  nrreasarv.  after 
tinal  arrangement*!  for  dcjwrture  wore  made,  to  cancel 
ilvse  plans;  however.  it  was  arranged  for  a  modified 
program  to  he  undertaken  in  Panama. 

In  this  report  there  are  reviewed  the  activities  of 
die  Tropica!  Fungus  C’ultni'e  Collection  (TFCCJ, 
which  was  organized  to  receive,  ninintain,  and  identify 
the  fungi  associated  witli  dc*tenuratioii  isolated  in  the 
course  of  these  Panarnn  studies.  The  major  source  of 
llu**e  organi-m*  was  an  extensive  set  of  4“\|**rinic*nUlly 
treated  textile  samples  which  wen*  studied  intensively 
with  resjnvt  to  the  mfincnct  of  physical  and  biological 
factors  in  the  deterioration  proevss.  After  fungus  cul¬ 
tures  were  re**civc*d  from  Panama,  they  were  purified, 
when  necessary,  and  their  identity  whs  determined  in 
order  to  provide  significant  information  for  analysis 
ami  correlation  with  other  studies.  Fungi  were  also 
isolated  in  Panama  from  natural  sources,  such  as  de¬ 
caying  plant  remains,  etc.,  in  order  to  understand  fully 
the  origin  and  distribution  of  the  forms  iui|»ortant  in 
textile  deterioration.  Textile  materials  which  had  been 
sterilized  were  also  subjected  to  attack  by  fungi  under 
natural  conditions  in  order  to  differentiate  between 
those  fungi  derived  from  local  source*.  (Panama)  and 
those  fungi  which  might  have  In***!,  present  on  the  ex- 
IMTiinrntal  pane1*  Iwfore  and  during  shipment, 

lit  all,  appmtmmtely  -l..*C<>  fungus  cultures  were 
deposited  in  the  Tropical  Fnngii"  Culture  Collection, 
As  stated  aliove,  them*  were  derived  for  the  most  |»a rt 
from  the  Panama  field  studies.  Fungi  priwent  in  the 
colhi-tion  oflirr  than  tlnaw  from  Panama  were  ob¬ 
tained  primarily  from  th**  Australian  Mvcologieal 
Panel,  whMi  supplied  a  act  of  the  most  important 
organisms  isolated  in  New  Hnuira  fiel  1  studies,  and 
various  Army  and  Navy  laboratories  <  itgngcd  iii 
tropica)  deterioration  stmhee. 

The  task  of  liiauitaining  hi*  li  a  large  *ol lection  of 
living  fungi  was  one  *if  tremendous  pro|s*rt ions.  At 
any  gi'«n  time  a  majority  of  tlir  cultures  were  kept 
in  an  a*tiiely  growing  condition  For  pnr|toac*  *if 
long-time  storage,  however,  cultures  were  preserved 
in  a  il  >rmant  *x*nditien  by  a  Impkilnut wn  prm-esa. 
This  consist*  of  freering  >o*f«iitaiM«>udv  a  small  quan¬ 
tity  of  fiingn*  «p»we*  su*|H.|t  h-*l  in  h**,->e  arrmn  or 
skim  mi*V  h  small  glass  tub.**,  af*<  r  which  the  apoir 
sn«pensieti  i«  dried  by  pu-1  )  mg  *ff  wa'er  vajs>r  nn*1<  r 
vmonm  until  a  d*-y  pellet  i«  form**!  While  mwler 
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Minium  tin1  ^rlu.-x  tiilo ij»  f ii.'umI  «.|!  and  the  container 
with  | h'I lot  hermetically  sealed.  Thi*  method  of 
presort n* i< >i i  i*  relatively  new,  lint  it  t»  known  *luit 
fungi  will  mm iic  it t  least  five  year*  storage  under 
t*i«'#i»-  ex  nditiuis.  Tlu>  ii*'  of  till-**  method  I iv  TI*V(’ 
represented  t lie  first  attempt  tn  apply  it  in  such  an 
t«Mini > i>  fun) lion  to  mt'  li  a  wide  rmigc  of  different 
fungi.  Many  1*11  It nri'i*  whit'll  were  nut  adaptable  tn 
preservation  by  this  teohisiepir  fur  a  variety  of  reasons 
were  rfiinvMifully  conserved  in  a  dormant  condition 
by  covering  tin*  a<  ti'o  cultures  w  ith  sterile  mineral  oil. 

1U  1 1 1<  application  nf  these  methods  fur  h  loug-tinn 
storage,  this  extensive  collection  nf  fungi  has  lat'ii 
preserved  fur  ftiture  study.  Witltmi'  dniiht  it  icprc'- 
aenta  the  largest  col  Its  lion  of  trupical  fungi  which  lias 
r\tT  I  ten  uss<  ntMod  in  the  living  eniulitioii  and  t  lie  full 
|K>ti-ntialilie.s  of  the .«%•  organisms  still  lemain  to  be 
exploited.  Tln-rc  is  even  reason  to  lie'ievi'  that  njvni 
intensive  study  llicse  forms  .vill  yield  iiifurmatinn 
whit'll  will  lie  valuable  tn  agriculture,  medicine.  and 
other  fields  of  science. 

Although  efforts  wi  iv  concentrated  on  iiiitiutnining 
ami  identify  ing  the  fungi  in  the  c-olloe  timi,  eertan. 
iiiip'irlant  ohsenationa  mi  tiieir  growth  and  bri»<vi<ir 
were  |s>s*ihle.  An  analysis  nf  the  cultures  indicates 
those  fmitis  wliieli  are  ino-t  ini|r>rtaid  in  textile 
deterioration  in  Panama.  |>ennits  < on  i  pari  soil  with 
those  fungi  wliieli  lime  lx  mi  r*  ported  a*  signifiemit 
in  textile  deterioration  in  Pan.-itmi.  and  |*  .n.it*  coin- 
parison  with  those  fungi  whirl i  have  been  repented 
as  significant  in  textile  deterioration  in  other  geo- 
graphical  location*.  It  has  Ish.i  |Hi»sildp  to  com|>i»r? 
the  I'anania  fungi  with  collection*  fioni  Florida. 
India,  and  New  (linne*  and  otlier  Pacific  regio'is,  The 
significance  of  agreement  or  disagreement  in  ♦  r.se 
ixini|wrisoiis  rail  only  h«'  determined  iiy  f ntnre  d  ■taile*! 
analyses  involving  precise  comparative  studies 

lit  roiijnin  tii-n  with  the  I'anania  field  «tuli«s  on 
deterioral toll  of  textiles  hy  fungi,  stn-lie*  were  also 
ixnnhn  t«sl  to  drtermin.'  the  extent  to  which  tl.e*o 
material*  w.rc  attached  hy  bacteria  under  natural 
condition*.  The  harteria  whi-li  wen*  obtained  in  these 
studio*  served  a*  the  iiuelen*  for  a  Bacteria  Cnltnrr 
(’olloetiori  fBCO]  maintained  hy  TI>A(\  To  these' 
bacteria  eultiir-'w  from  I’anan..  'Were  addetl  inanv 
enltnre*  isolated  by  Quartermaster  lal.c  ratoric**  in 
studios  of  deteriorated  materials  relumed  primarily 
from  Pacific  an*!**.  The  total  number  of  hacteri*  eiri* 
lure*  on  hand  was  approximately  1,100, 

For  practical  piiri****,  the  lim  teria  were  classified 


into  two  mciiti  ty | «■*  according  to  the  i r  physiological 
capacities  and  effect*  mi  the  dcterioialion  of  fabrics: 
(1)  tlfnce  <a|mldi*  of  destroying  cvIIiiIon',  and  (V) 
those  incapable  of  destroying  cellulose,  Duly  limited 
s|y.H'ifie  identifications  were  aide  to  lie  made  in  one  h 
group. 

The  significance  wliie  li  cellulose  decsunjs.isiiig  l»ac- 
ten  i  may  hold  in  tin.’  deterioration  of  fahriei;  is  ob¬ 
vious,  and  in  the  Panama  field  studies  these  forms 
wete  prcuent  m  large  numbers  on  fairies  w  hich  showed 
marled  evidence  of  deterioration.  Noiuvlliihace  de- 
<-oir  {awing  hecteria  were  pr<**  *»it  on  e>i*erimentul  f.d»- 
rics  after  four  to  six  week*  of  air  ex|x»>ui'e  in  siu-li 
hrge  iinnits-re  thnt  tt  *»?■.->*  they  may  play  an  ini- 
|Hirt ant  part  ill  the  initial  s»a;te  of  deterioration  of 
treated  fabric «,  It  is  suggested  1 1ml  these  rionc-c  (kilnec 
ilcivmjaiaing  ha''tc  ria  may  cause  destruc  tion  of  the 
treating  agents  whi  h  i.rv  applied  to  fabrics,  thus  run*- 
ing  a  reduction  ,n  fungicidal  value  and  |»ia.«d»ly  in¬ 
creasing  chemical  deterioration  ol  the  fabric.  Addi¬ 
tional  studies  are  lie ressa ry  Is- foie  thi*  prohlein  <a,i  he 
further  clarifwd. 

In  adclitinii  tn  the  infornifatioii  on  the  biological  de¬ 
terioration  of  text  ih  a  w  hic  h  resettl'd  from  tier  Punaina 
liolil  studies,  v-dneHc  data  cm  other  Hs|ssts  cf  the 
perfoniMiiee  «>f  ti'Xtilca  in  lie  trope*  were  also  ob¬ 
tained.  It  was  poaa'Me  to  determine  tin*  ethc  a»  y  of  the 
various  e.xjs'riiiieninl  fungirictcs  under  ddferent  coii- 
clitions  of  «'X|Mi*un>  aid  to  relate*  timer  |X'rfiirinhiK e  h> 
the  pliyaieiil  t'avtorx  of  the  environment.  The  o!*»or\,i- 
t ion  that  miii  exposure  promotes  Hiemii  al  deteri  ration 
of  *  hrica  hy  cwnaitiga  hmakilown  of  cx>rt*i'*  ngiciiles 
is  iiii|Kirtaut.  |»artiniliirh  in  that  >xcp|a>r  naphtln  nate. 
the’  filiigiehlc'  inoal  nich'ly  need  on  tentage  and  tar 
|»rnliiis,  was  ai.wng  th> inoet  s<Ticni»lv  afT<-  tcsl  when 
it  i.s  not  adcsjuatcly  proteetecl  from  sunlight  hy  «t  r<-eii- 
ing  jngm-nt*.  Kvi.lc  im  was  also  ohtailmd  that  rc-rtain 
iligvislient'  of  the  water  rvpollent  finish,  aurh  a< 
alnminnni  aertate,  when  applied  to  ln*avy  fabric*  were 
subject  to  the  eirc'ets  of  sunlight  With  st.lmocplcnt  |dn>- 
toiheinical  ilcteriorntioii  cP  the  fabric. 

Tlie  deterioration  of  o|itic«l  iustnimeiita  in  t-ophal 
w'rvicx'  wa*  among  tl.c-  problems  wliieli  proved  to  lv 
serious  in  early  Pacific-  njicratiou*.  I Vterioiation  of 
optical  instrnniHit s  may  lie  due  to  moisture  alone  or 
moisture  in  coiiilciuatioii  with  fungus.  Many  material* 
ordinarily  u*od  in  optical  instruments  in1  capsbl.  of 
snp|Mirting  fungus  gmw  th :  fnrtliermoir.oiganie  debn* 
sin  b  as  a  dead  msec  t  or  even  a  fingH  print  ran  furnish 
rutrients  whiih  will  supfairt  «',itfW  lent  fungus  growth 
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t«>  Lie  troublesome  ami  ileneaso  llw*  eit'ricncv  of  mi 
instrument.  It  actively  growing  fungi  ar»*  allowed  to 
persist  within  an  instrument  tor  extended  |K*riodx, 
permanent  damage  to  l.*nw,  }>rtsuiM,  ami  other  parts 
«*ri  result. 

The  i -oust ruction  of  many  optical  instrument*.  |>ar 
ticuhrly  old  nnalels,  many  of  which  were  necessarily 
t:k» ~*1  ia  such  that  moisture  readily  gaint-  *'vos«  to  the 
interior*  of  the  instrument*  with  fluctuations  in  tcni- 
|ir  ratlin*  and  remitting  changes  in  air  proas' lire.  In 
*d<litu>ti  to  the  direct  effect  a  of  thr  moisture  within 
inst.iimciits,  it  provide*  relative  humidities  adequate 
for  the  growth  of  fungi.  Prevention  of  moisture  dc- 
ti*5  ioralion  <*aui  only  be  achieved  hy  virtually  complete 
sealing  of  all  cracks  and  o|x*n'itg*. 

An  adequate  method  for  controlling  fungus  g'  n«th 
vritliiu  optical  instruments  was  developed.  In  field 
triol*  under  drastic  jungle  comlitioum  in  Panama  this 
nitrthod  ha*  kept  binoculars  free  from  fungi  for  over 
2 1  nautili*.  Ttii*  method  consist*  of  applying  a  mixture 
of  *'0  | ht  >Tnt  of  {he  fungicide  frcsaiiii  ( motacrrsvl 
*i*cl«fe)  and  ^0  (>er  cent  ethy*  ci-IIlIum  enclosed  in  a 
small  siluunmiin  <a|«u|e  with  minute  opening*.  The 
<!’(>*ulo  i*  attached  with  remeut  wilh'ii  the  instrument 
mit  ef  th-  (With*  of  light  rays.  T  he  fungicide  i*  volatile 
ami  *h«.  small  o|  inning*  allow  only  gradual  escape  of 
tlm  fitiigi-tdr  fiom  the  reservoir  within  the  ca;>sule. 

Ain't  Iut  nut  in  xi  using  i  contaei  fungicide,  Thauite 
( fonchvl  ttiioevaiioacetate).  rather  than  a  volatile  fun¬ 
gicide  for  the  control  of  fungi  in  optica!  instrument* 
ia  also  ilencrPwd. 

With  the  nn|vortaiire  which  was  given  to  pru|*T 
scaling  of  instruments  and  the  knowledge  that  the 
compound  which  was  most  widely  u*o«t  was  not  entirely 
satisfactory.  a  search  va*  made  for  a  more  rnituldc 
substitute.  The  most  promiong  of  the  experimental 
compound^  which  were  tried  had  as  their  basic  ingre¬ 
dient  ft  proprietary  thermoplastic  resin  of  an  undis¬ 
closed  forniulriion. 

This  report  also  reviews  the  jirolden*  of  fungal 
growth  on  synthetic  resins,  plastics,  and  plasticizer* 
and  discusses  the  problem  with  ref  ’fence  to  the  sus¬ 
ceptibility  of  pure  resina  to  fungal  attack,  the  suscepti¬ 
bility  of  plasticizers  and  other  plartic  com|>oiicnts  to 
fungal  attack,  the  susceptibility  of  complete  plastic 
composition*  to  fungal  atta<k,  the  effect  of  fuu<r*l 
growth  on  properties  of  plastics,  and  the  results  of 
cxjiertTiiriit*  in  which  fungicide*  had  lieen  ndded  to 
plastic*.  Practically  no  inhumation  on  the  tropical 
deterioration  of  plastic*  existed  prior  to  World  War  II, 


and  investigation*  von  organiz'd  hyTR\('to  broaden 
ami  im-reuM*  knowledge  of  the  performance  of  plastics 
under  tropical  ci  null  Pons.  The  results  of  these  inves¬ 
tigation-*  arc  cited  in  the  review  of  the  general  problem. 
An  important  question  on  wiii.h  further  informiriioii 
i*  iiceesivarv  Ivcfoio  the  problem  <-an  be  fully  solvnl 
omunu  the  precise  effect  of  fungus  growth  on  plastic 
ninteri:)!*.  It  is  well  o-tabli.-licd  that  surfaiv  growth 
on  nlaatirs  used  in  clt’i  trie  and  eh^ot  route  equipment 
is  deleterious  in  that  it  affects  the  electrical  pro|x  rtn.s 
of  the  plasties.  However,  the  effect  of  fungi!*  growth 
on  the  physical  and  mechanical  properties  o.  'asrics 
require*  further  elucidation. 

Milch  attention  was  devoted  to  ttio  tropica'  dcierio* 
ration  of  photographic  equipment  and  supplies.  The 
recommendation*  to  prevent  the  deterioration  of  litiris. 
clieniicats,  and  camera*  and  aci  insories  arc  review  cal, 
With  these  items,  partii  olarlv  film,  pro|u*r  |»a<  kagiiig 
for  tropical  service  is  an  essential.  The  problem  of 
fungus  nttack  of  prixvssrd  ttinis  was  thnrooghly  in- 
vostignted.  The  iui|x>rtMnie  of  the  protdriii  ri*tx  in 
the  fact  that  negatives,  which  serve  a*  i|ii|>nitaiit  hia- 
toricHl  Tnords  of  units,  eam|**igns.  etc.,  as  well  a* 
iudividuHt  medical  words,  are  highlx  subject  to 
fimgu*  attack  masuiufli  as  the  gelatin  emulsion  is  an 
eu'cllcnt  nutrient  for  fungus.  A  fnngicoU)  treatment 
which  can  lie  applied  to  proes-M-d  him*  hi  a  dip  t >a 1 1 1 
wa«  i|«'vcl  i|>ei|  and  this  method  show*  excellent  prom¬ 
ise  over  vari  ms  other  methods  which  were  tried. 
Investigations  rex.a’ed  that  i  a  ill  ions  u*c  of  lacquers 
containing  the  lue'curi.xl  fungicide  Merthiolutc  is 
effective  hi  controlling  fnngns  growth  on  camera  part*, 
t'autions  iijm*  of  snrh  lacquers  is  iinlieateil  Inn  an*e 
fungicides  nmtaiinug  nienury  have  Iwxm  shown  to 
have  nil  ailvcrse  offift  on  |»hotogra]i|(ic  eiindaiciis.  In¬ 
novations  jn  design  of  cameras  *o  a*  to  ]**miit  r-wdv 
interchange  and  semi-ability  of  parts  wr.dd  markc*ltv 
dn  regsethe  ineideturof  tropinil  IcterioraPon  in  these 
iteins,  partieularly  wh*»*  aiwvnn|>aiiie<|  by  adequate 
(riqiieal  storage  f'.  irit  i»*n  and  a  pro|*er  ma  inteiiam-e 
program. 

The  tropical  deterioration  of  electric  and  elect i on i~ 
equipment  |iresent«*ii  many  pnddenvt.  Jn  achieving  a 
solution  to  those,  the  adverse  effi*  t  of  moisture  and 
futign*  on  components  and  parts  of  so>  h  dpiipmenv 
reqnirv*  rout  ml.  The  fundamental  wtiulie*  of  TPAt 
relating  to  th  so  pnddem.  are  summarized.  M*nv 
questions  an«l  prvddem*  an-*  <i»m rriting  the  u«e  of 
f.mgiiiit*1  laiqimrs  and  variiislu^  a«  a  moisture  lair- 
ricr  an  t  a  protivtimi  against  fungus  mi  esk  equq*- 
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mont.  As  the  resuli  of  a  Servin'  request  to  settle  some 
of  these  points  of  conflict,  investigations  to  determine 
the  effects  of  fungua  growth  on  hookup  wire  were 
organized.  Closely  relttcd  aUulita  on  the  long-range 
effects  of  moisture  and  fungus  on  electric  insulating 
materials  were  also  undertaken.  A  survey  of  existing 
information  indicated  that  considerable  data  were 
available  on  the  effects  of  moisture  on  electric  insulat 
ing  materials  after  exposure  for  short  periods,  but 
little  or  no  information  was  available  on  the  perform¬ 
ance  of  sm  h  materials  in  exposures  of  long  duration 
nor  were  the  results  related  to  cffe”ts  of  fungi.  It  is 
expected  that  with  separate  evaluation  of  the  effects 
of  moisture  and  fungus  upon  varioua  types  of  plastics 
used  as  insulating  materials,  the  information  will  per¬ 
mit  a  more  realistic  interpretation  of  the  performance 
of  those  mate,  ds  under  tropical  conditions,  and  fur¬ 
nish  a  working  basis  for  selection  of  high-quality  ma¬ 
terials  in  design  of  new  equipment  for  tropical  service. 

The  investigation*  on  the  coordination  of  test  meth¬ 
ods  which  are  summarized  were  undertaken  bv  TDAC 
been ure  there  was  no  uniformity  or  general  agreement 
as  to  t»*t  method*  for  evaluating  the  suitability  of 
materiak  for  tropical  service,  and  it  was  oftin  impos¬ 
sible  to  duplicate  test  results  iu  different  laboratories. 
It  was,  therefore,  obviously  •  prime  essentia1  to  de- 
vehip  standard  conditions  for  teats,  which  could  In- 
agreed  upon  by  all  laboratories  and  thus  permit  du¬ 
plication  of  results  on  a  given  sample  regardless  of  the 
laboratory  in  which  it  was  tested.  In  vestige  (ions  wen* 
conducted  to  determine  suitahlo  test  methods  for 
hookup  wires,  coating  materials,  such  as  lacquers  and 
varnishes,  and  plastics.  As  a  result  of  these  investi¬ 
gations,  teat  methods  were  recommended  for  standard 
use  *n  evaluating  the  fungus  resistance  of  these  mate¬ 
rials.  Expensive  studies  were  also  conducted  on  cer¬ 
tain  aspects  of  textile  touting  using  pure  cultures  of 


test  fungi.  Detailed  investigations  wore  also  made  of 
various  hiological  factors  in  determining  the  fungus 
resistance  of  plastics. 

In  addition  to  conducting  fundamental  studies  on 
various  as]K*ctv  of  tropical  deterioiwtion  problems. 
TDAC  organized  and  carried  out  an  extensive  pro¬ 
gram  of  testing  materials  for  tlie  Ainiy  and  Navy 
under  natural  tropical  conditions  in  Ranania  and 
under  simulated  tropical  conditions  in  a  tropical  house 
at  tlie  University  of  l’ennaylvania.  The  materials  ex¬ 
posed  iu  1’anania  numbered  over  1A,POO  individual 
items,  and  the  material*  exposed  at  the  Uuiversity  of 
IVmisylvania  numbered  over  »7.'100  individual  items. 

Recommendatious  concerning  prohlem*  which  are 
still  in  need  of  investigation  are  given  for  the  follow¬ 
ing  materials:  textiles  and  curd  ago;  electric  and  elec¬ 
tronic  equipment;  synthetic  rerins,  plastics,  and  plas¬ 
ticizers;  and  photographic  equipment  and  supplies. 
These  recommendation*  were  proposed  by  the  several 
subcommittees  which  study  the  problems  for  each 
of  the  above  classes  of  materials. 

At  the  time  of  the  Japsneau  surrender,  valuahle  pic- 
liminary  results  had  been  obtained  front  the  studies 
of  TDAC  which  were  iu  progress,  hut  none  of  the 
studies  had  readied  the  stage  at  whieli  they  eonhJ  be 
considered  as  complete.  It  is  gratifying  to  r<*|R>rt  that 
six  of  tlie  seven  project*  which  were  underway  at  the 
rlooc  of  hoatilitiea  were  deemed  of  sufficient  importance 
to  warrant  their  continuation  hr  various  gmu|>*  of  the 
Armed  Services  Tlie  significance  and  importance  to 
tlie  Armed  Services  of  tlie  eoofd’wtwl  program  which 
was  organized  during  World  War  11  is  indicated 
by  tlie  fact  that  in  accordance  with  a  recommendation 
presented  to  the  Army  and  Navy,  there  ha*  been 
established  a  joint  Army-Navy  Committee  to  coordi¬ 
nate  investigations  on  tropical  deterioration  and  the 
prevention  thereof. 


Chapter  1 

INTRODUCTION 


PROBLEMS  PHESENTEO  BY 
TROPICAL  WARFARE 

Hfc.v  mimtahy  oi'KHJTIovs  arc  conducted  in 
tropical  repons,  equipment  and  supplies  are  sul>* 
In*4 t*d  to  climatic  conditions  far  different  from  tin*-** 
of  temperate  iVjpoiis.  The  heavy  rainfall  of  many 
irojMml  areas  *ml  the  continuously  high  relative 
humidity  of  most  tropical  areas  iulrodtuv  numerous 
ooiu^iderntions  and  problems  rotative  to  the*  prforiti- 
auct*  and  servii-eability  of  material*  in  tropical  war- 
furs;  whereas  these  eon  idcratious  and  problems  are  of 
little  or  no  concern  in  temperate  regions.  Tropic,* t 
warfare  dein  unis  ttiat  most  items  of  materiel  1**  ade¬ 
quately  projected  against  the  effect?  of  moisture.  This 
jiroteition  is  necessary  not  only  while  items  are  in 
use,  but  also  during  the  preceding  |*riod  of  transit 
iiul  storage.  Most  item*  of  equipment  uml  supplies 
which  are  not  protected  against  the  effects  of  moistnre 
art*  sohjeet  to  severe  damage. 

So*  only  are  tropical  climatic  f.nlors  important  in 
theDselves,  hut  it  is  peril*}*  even  nion>  significant 
tha  they  furnish  almost  ideal  condition*  for  the 
grjxrth  and  clc\el<>pincnt  of  mieroorganistns.  lire!  tded 
among  the  microorganisms  inqrortant  in  this  ri*s|*ect 
aro  the  thousand*  of  forms  of  fungi,  actinomycete*. 
and  hnctrrin  The  iinjrortaiict*  of  those  various  niicm- 
organism*  lies  in  the  fact  that  collectively  tliey  aie 
able  to  ullaek  a  aid*  range  of  basic  material*  and  thu* 
chmso  t  lie  destruction  or  deterioration,  tola!  or  partial, 
of  military  items.  Furthermore,  hv  virtue  of  the  fact 
that  these  mieroorganisma  are  aide  to  obtain  nourish¬ 
ment  from  organic  debris  present  mi  materials  stHi 
g-i  glass  and  metal*,  they  are  able  to  grow  on  these 
material*  and.  hv  their  jirescnce.  raiiso  serious  damage. 
'Pile  damage  to  lenses  and  prisma  of  optical  instru¬ 
ments  which  is  discussed  in  Chapter  .1  has  been  par- 
t  icnlarly  serious. 

1  -2  early  STUDIES  BY  AUSTRALIAN 
GOVERNMENT 

Studies  on  the  prevention  of  tropical  deterioration 
of  materiel  were  undertaken  by  the  Australian  g»v- 
•  •mmciit  in  the  early  ‘tape*  "t  the  I’anfie  phase  ««f 


World  War  II,  The*-:  early  investigations  included 
fieid  studio*  in  Yew  Guinea  hy  a  scientific  mission  of 
the  Scientific  Liaison  Uurcau  •  The  rhsrrvalions  whidi 
were  made  on  the  performance  of  store*  nod  equi|>- 
mcot  under  field  cnudltiou*  in  Yew  (Sninea  served  as 
tu  itnportanl  source  of  information  for  the  tropica] 
deterioration  progreiti  of  the  military  agi-neios  in  the 
United  State*. 

EARLY  STUDIES  IN  THE 
UNITED  STATES 

It  is  lawoml  the  *<v*p**  of  tin*.  n*)>nrt  to  review  the 
program*  of  the  military  agencies  which  had  na  their 
objective  the  protection  of  materials  against  tropical 
deterioration.  It  will  suNhc  fo  punt  out  tliat  hy  1HH 
various  branches  of  tlic  Army  and  Navy  had  extensive 
program*  underway.  Furthermore,  there  had  resulted 
from  tlua-e  studios  many  treatments  wlneji  were  effee. 
tive  in  millring  the  effect*  of  tropical  exposure  and 
thereby  extending  the  service  life  of  equipment. 

w  STUDIES  OF  TIIE  TROPICAL 
DETERIORATION  ADMINISTRATIVE 
COMMITTEE 

The  **f  *bo  ’t'rnniowl  Deterioration  Admin¬ 

istrative  Committee  [TDAC]  which  are  reported  here 
supplemental  Hie  individual  programs  of  the  branches 
of  the  Army  and  Yury  by  giving  attention  lo  prob¬ 
lems  u}*»n  which  information  was  not  nailable  or  by 
providing:  .additional  information  on  studies  which 
were  then  underway. 

All  phase*  of  the  TPAC  investigations  are  rejiurtcd 
in  the  following  chapter*.  A  background  for  the  in 
vostigationw  undertaken  is  presented  with  a  discuasion 
of  each  class  of  material.  It  rill  lie  noted  lhat  no 
consideration  m  given  to  the  general  and  important 
subject  of  paiksging.  From  the  viewpoint  of  preven¬ 
tion  of  tropical  deterioration,  packaging  method*  are 
important  in  that  protection  against  the  effect*  of 
moisture  during  period*  of  tnnsit  and  storage  must 
l>e  given.  Attention  w*s  given  to  these  problems  by 
the  Sidvommittee  on  Packaging  which  surveyed  this 
particular  subject  to  determine  the  extent  to  which 
the  pr  Mem  of  moi«t are-resistant  packaging  was  al¬ 
ready  bring  investigate*!.  Thi*  ola-ommittee  reported 
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that  the  preliminary  work  with  a  view  t-o  develop 
water-re*in;iut  package*  kid  l**t*n  practically  com¬ 
pleted  1*y  both  the  Army  and  .Navy,  and  that  it  was 
then  largely  a  matter  of  putting  ‘he  lcviilting  recoin - 
mendat  iuii*  into  rffet  t.  ami  the  few  detail.,  which  Mill 
remain^l  to  l/'  han«H«*d  were  Ireing  adequately  cured 
for  by  other  ivgcueic*.  As  a  result  of  this  report,  no 
investigations  «m  packaging  n..d.,r;;d»  ...  methods 
were  ofganizsd. 

ill  the  initial  organization  of  the  TP  AC  program, 
the  desirability  and  advantage  of  field  studies  in 
trojdcal  region*  Here  recognized,  Si  nee  there  was  no 
Iwris  upon  which  to  assume  that  the  ehmiAir  and 
biological  factors  of  all  Topical  region*  were  identical, 
it  was  apparent  that  tho  greatest  contribution  to  ihe 
tropical  deterioration  program  could  lie  dpnvod  from 
studies  conducted  in  Pacific  region*  where  equipment 
and  supplier  wrwiHl  lind  greatest  use.  Such  studies 
were  particularly  desirable  in  tliat  precise  m formal  ion 
of  the  processes  of  deterioration  was  only  menger  — 
reports  whirl!  had  bo?n  made  emphasized  the  nature 
and  extent  of  damage  rather  than  tlie  fundamental 
reason*  for  the  damage  or  how  it  occurred.  Fundamen¬ 
tal  iiiformaticn  on  deterioration  processes  not  only 
was  iWiraUe  in  order  to  develop  new  and  cwre  etfee- 
tiv«  preventive  treatments,  but  it  could  bo  applied  m 
the  development  of  more  refined  techniques  for  evalu¬ 
ating  the  suitability  of  material  for  use  in  the  tropics. 

Hans  were  initiated  for  a  science  mission  tn  Pacific 
areas  with  the  following  objectives. 

1.  To  determine  lho  causes  of  tropical  deterioration 
with  empharis  oil  deteimining  Uie  role  played  by 
mirmirgariiMTifl  (molds  and  bacteria). 

2.  T  determine  the  mechanism  by  which  the  dam¬ 
age  is  done,  Including  the  sequence  of  tl>e  changes 
where  more  than  one  organism  is  involved. 

3.  To  determine  tbe  effectiveness  of  tlie  fungicide* 
at  present  in  use. 


4  To  test  under  field  conditions  nr*  fungicides 
selected  because  of  then  proaii-e  under  lalwiratory 
conditions.  This  work  would  not  merely  lerve  to  **ral- 
ni«te  tlie  new  fungicides  but  would  provide  a  valuable 
correlation  of  laboratory  tests  with  similar  tests  under 
actual  ojieratiiig  conditions 

5.  To  collect  and  bring  back  : 

a,  Representative  Mniplcs  of  materia]*  showing 
tropical  deterioration. 

b,  (  uitiircs,  isolated  in  the  field,  of  biologically 
active  agent*  in  deterioration. 

c,  \ny  sample*  of  enemy  equipment  w  hich  Mi<>w 
sicwior  resistance  to  tropical  deterioration. 

fi.  To  contact  the  Aubtraliuii  la«oratonc»,  field  sta- 
iioiis,  uu!  other  agencies  making  such  invest igatiwis 
in  that  area  and  report  on  the  work  wliirli  they  arc 
doing  relative  to  tropica!  deterioration. 

After  final  anangeiiiait-  for  departure  were  made, 
it  was  necessary  to  cancel  these  plans.  It  was  arranged, 
however,  for  a  modified  program  to  lw  undertake  u  in 
Panama.  This  consisted  primarily  of  the  stmliea  on 
the  deterioration  of  tc.itile*  as  summarized  in  Chap¬ 
ter  4,  These  Panama  studio*  contributed  to  a  tlcar 
understanding  of  the  deterioration  pro  sws  as  it  af¬ 
fect*  Uxtilcs,  and  furnished  valuable  information  with 
respect  to  the  nature  and  action  of  the  biological 
agents  of  dcfnmratijn.  Had  i*  l>een  possible  to  con¬ 
duit  those  studio*  ill  the  Pacific,  tbe  result*  would 
have  bad  s*r*i  Miller  significance.  Not  in  frequently, 
as  ttu  TOAP  program  developed,  important  ques¬ 
tion*  were  raised  which  could  have  been  properly  hd- 
aweird  if  there  had  been  available  full  knowledge  of 
field  condition*  or  how  protective  treatment*  of  items 
of  equipment  performed  in  the  freld,  There  have  l*rn 
many  indication*  that  the  program  of  tropical  dete- 
rinrat’.on  in  this  country  would  have  Iwuefitwf  exten¬ 
sively  had  the  proposed  mission  t«»  the  Pacific  b*cn 
aliuweil  to  car*y  on  i*»  program. 
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Chaptrr  2 

ORGANISMS  ASSOCIATED  WITH  TROPICAL  DETERIORATION 


INTRODUCTION 

Nn.KF.BT  AVtl  ATTKNTION’  XVi*  (Hna*tCd  to  the  rela¬ 
tionship  of  fungi  to  tlie  tropical  deterioration  of 
material*  Iwausc  fuugi  von*  conspicuous  on  dete¬ 
riorated  material*  in  th*  '"opics  ami  knowledge  of 
their  oluiracterixtii  s  nml  pnrporties  led  to  the  obvious 
cXMcilMMOM  tiint  Use*  W'eix*  tut!  vsuta!  «£~ms  uf  inaitS 
forma  of  deterioration.  Australian  studies  m  New 
(Jinnoa  early  in  World  War  II  emphasized  the  pre¬ 
dominance  and  importance  of  fungi  in  the  detonora- 
ti«m  of  many  types  of  stores. 

Fungi  arc  found  growing  in  nature  under  a  wide 
variety  of  conditions  «r  el  their  reproductive  structure* 
<»r  spore*  are  universally  distributed.  The  soil  contains 
enormous  |w>ptila»i*nis  of  fungi.  These  soil-inhabiting 
forms  develop  airborne  spores  which  inoculate  mate¬ 
rials,  srd  under  proper  conditions  of  moisture  and 
f cm i*»rat tire  such  *|»re.«  are  cn)*able  of  germination 
and  growth.  The  majority  of  fungi  which  have  Uon 
shown  to  lx*  s'gnificant  in  the  deterioration  of  mate¬ 
rials  are  characteristically  soil-inhabiting  forms. 

Fungi,  a*  well  as  bacteria.  in  contrast  to  gnvii 
plants,  comprise  a  group  »f  organisms  which  are  mi- 
aide  to  synthesize  the  energy  yielding  organic  com- 
jmunds  necessary  for  their  nirttil»olic  activities,  except 
for  relatively  few  exception*.  aud  consequently  these 
«-oin|*oiiiid*  must  la*  derived  fr«m  external  sources. 
By  means  of  eniymeii  accreted  1  *y  the  <«rgsm»ins.  e  ,lw 
orate  and  insoluble  organic  nibstaiico*  can  lie  broken 
down  to  simple  and  soluble  nuitrrials  cajvable  <  f  ab¬ 
sorption.  The  different  ap»*«  >**  of  fungi  and  bad*  r.u 
vary  in  the  limits  within  whiih  they  arr  ahh*  to  rttsclr 
organic  substrates,  hut  collectively  they  ran  effntnely 
ilcconi|ioar  most  organic  materials.  It  is  by  such  ac¬ 
tivity  that  the*e  organisms  ilctermilc  many  Mate¬ 
rials;  i.i  many  raws,  however,  the  rj*rr  presence  of 
the  organisms  is  undesirable. 

For  detailed  considerations  of  tlie  structure  and 
pin  si  f  logy  cf  various  fungi  and  bacteria  reference  can 
be  made  to  the  nvanv  textbooks  and  trwivi^e*  on  the 
suhje  t  Selected  reference*  are  given  in  03RD  Ro- 
vwrt  62*57*  issucxl  by  tlie  Tiopical  Deterioration  Ad¬ 
ministrative  Committee  [TP.VC].  Ifanv  reports  pre- 
par*<I  on  the  anhject  of  tropieal  deterioration  have 
giv  n  <-nly  cursory  treatment  to  tl»r  organ  sms  eoo- 


ii-rricd.  The  report  cited  also.*  consider*  the  uature 
and  charset  mist  u  *  of  some  fungi  acsis-iutod  with  trop- 
icnl  deterioration  in  alightl.  greater  detail,  mid  was 
prepared  primarily  for  the  n*e  of  Armv  and  Navv 
Ia5s*»rf|«»ries  engagtx]  in  studies  on  trr.pir.il  drteriorH- 
tion. 

F*  ngi  arc  enoounlcrcd  as  deteriorative  agents  in 
*  mptratc*  regions  ns  evidenced  by  molding  cf  food¬ 
stuff*,  leather  goods,  and  such  items  as  shower  cur¬ 
tains,  wood,  ami  paint ;  hot,  cxivpt  for  the  rather  wide¬ 
spread  damage  to  crop  plnnts,  they  are  of  relatively 
minor  eoo>u,niic  significance.  With  the  importance 
which  fungi  assnrnod  in  tropieal  deterioration  it  was 
neeeHs.iry  to  determine  win  ther  tin*  tropical  forma  em¬ 
braced  typed  different  front  the  i;*nre  commonly  known 
tem|K*rate  forri*.  and  if  they  were  t!;e  same,  whether 
the  tropical  forms  reprerentwl  different  or  more  piotcnt 
physiological  s!raio«,  Aa  a  result  of  the  work  under¬ 
taken.  comparative  evaluation*  can  1m*  made  and  tliaae 
arc  discussed  in  Section  2.2.7.  The  importance  of  w- 
tihlishing  these  points  is  obvious  vlien  it  is  considered 
that  prwaentivc  m ensures  can  !*•  applied  more  intel¬ 
ligently  when  the  exact  nature  of  all  deteriorating 
factor*  is  known. 

1’rior  to  the  work  of  TDAC,  the  signilb ance  of 
bacteria  in  the  deterioration  of  materiala  in  the  tiopics 
was  geiK*rally  disregarded,  or  if  acknowledge!,  was 
deemed  to  la*  relatively  unimportant,  ex'rpt  in  the 
destruction  of  foodstuffs.  1»»  the  TDAC  program,  pro¬ 
vision  was  made  fur  field  studies  on  th«  r<*le  of  bacteria 
in  tlie  deterioration  of  fabric*.  These  were  found  to 
play  an  Important  role  which  is  dm  usaed  in  Set  tion* 
2.3  and  4.5. 

The  only  investigation*  romeroing  insects  and  other 
forms  of  animal  life  as  agenta  of  deterioration  were 
tlmac  relative  to  the  part  playx.d  by  mites  in  the  de¬ 
terioration  of  optical  instrument*  a*  discussed  in 
Chapter  3. 

«  TRONCAL  FUNGUS  CULTURE 
COLLECTION 

Procedures  essential  to  proper  care  an  1  mainte¬ 
nance  of  fungus  culture*  f-r  intenrne  atudv  and 
prew  rTatioa  are  such  tint  permanent  and  well 
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ripiipped  lalairatory  facilities  arc  ikccw iiry.  The  Trop¬ 
ical  I'migti*  t’uPure  (‘olloitinn  [TFf'CJ  wax  estab¬ 
lished  hy  Tlh\<’  at  the  Ufological  Ijalxiratories  of 
Harvard  I'.’iin  r»ity  to  servo  a*  h  plan’  for  deposit 
and  manitenam<  of  fengiis  cultures  isolated  during 
field  studies  of  tropical  deterioration.  In  addition  to 
this  phaae  of  its  activity,  TF(V  distributed  culture# 
on  l.aud  to  laboratories  of  the  Armv  and  Xrvy  and 
other  authorized  agen  iea  for  study  or  for  use  as  teat 
organisms. 

The  following  discussion  jH-rtaiiiing  to  TF<’C  ia 
based  !’.|«;:i  USUI)  J:e]“Mt  SA*!1  which  sviminmiJiea 
the  *tnd.e*  whii  h  were  coudneted. 

321  Purport?  of  the  Tropical  Fungus 
CnUtirr  Collection 

The  field  studio-  from  which  the  majority  of  fungus 
cultural*  In  the  collet  Moil  ui  re  obtained  jwrtalinsl  to 
the  deterioration  of  textiles  ainl^tlww  arc  dinn  rihcil 
in  Chapter  -I  With  re(<  mint  to  these  field  studies  it 
was  intended  that  tin*  fumtion#  of  TfCC  would  be 
to  inohite  vrb  n  mivNUirv.  to  purify,  'o  identify,  mu! 
to  prestr.#  the  fungus  cul  nr«*»*  related  to  fats,  ic  th- 
t<  rior,itioii,  The  rMiraldli.y  -if  Iih \ i ng  fungi  of  ki-iwn 
potc:it*#iity  jr'r.eiadv  availaWe  for  use  as  test  ugan- 
i?oi»  w*«  re< ognited,  a  id  it  was  a'ao  intended  that 
TFVt1  wont  1  *«rve  as  n  distribution  c-ntcr  for  at; 
such  culture#  xvhhh  wire  available. 

The  phase  of  the  program  cortirnivd  with  (be  or/an- 
i*no  isolated  during  field  stndi  -  >f  hut-i.*  n«‘d>!«,h-l 
studies  hr  Qustteri.air'.e”  lwie«r*il-»is..>  whi»"  in'  dv<  • 
iie(er.r.ir.:r>g  ** «  or?3M*  us  rest*  #»  hie  for  th  >1  (i- 
rk'ratt'Ui, n/levtit^- fattins  (•»•>  <  t >  o  l.M.  (ice  mt 

in  rt)i:tr«iS(.  liowtVi'T.  if  that  ic  i  turn*  wh  i!i  were 
the  subject  of  the  Quafte'  nsster  me»»t'g*tr.i*i  wc„* 
isolated  from  ww’nri*’.»  tctu.'i  d  fro  a  trop*  w1  Rrai 
and  isolation  wat  male  in  thi»  country.  10's* ux  cf 
the  relationship  ai  d  importance  to  tl  e  Quaite  n.a-t«r 
program,  rinse  roap*-rat'i«»  with  Qnaricnu*st  r  p-w- 
sonucl  was  maintained  througtaMt  the  p>  •  iod  *f 
activity 

The  task  of  purifying,  i«Wtifvi  l  ,  and  part"  ilarly 
it  aintaiuiog  and  prcscrvtrg  the  fang#*  ml  an*  was 
one  of  imu.in«e  prop*  rt  i  *s.  Th-  ver  rv.tu ri  of  tie 
h' tin. ate  objei  fives  of  ail  p'  »#•■#  f  t  c  study  m  't 
desir»hle  to  have  a*  much  inf-n*a  i<*o  *•  p«w#iM»  no 
the  phr««l‘  id  *al  phanu’ti-rbti"  >-f  ft#  wrg*  -  ■  iv 
order  to  di  Numifcr  with  sum#  «xac*.v  -  tb#  r**l*  *J  In# 
organisw  in  tlv#  detennr*  in*#  m  tl  #**  Nh-  • 


Modi  of  this  information  miild  tie  derived  from  exist¬ 
ing  knowledge  of  the  organisms  i  nee  identification 
was  made.  Accordingly,  studies  euiuvriiing  the  iden¬ 
tification  of  the  fungi  were  given  tWt  priority.  Valu- 
alde  sii]>]ik>niciit«rv  information  on  the  properties  of 
many  organism*  involved  in  tropical  deterioration  was 
derived  from  phvsitdiigieal  studios  liv  the  Australian 
Mxtxilogical  Panel  and  lalamMoric-  of  the  I >e|u»r{uient 
of  Agriculture  ami  tlmee  of  other  THAI’  contractor*. 

The  work  of  Tl'T  t’  was  of  stu  Ii  magnitude  that  it 
could  not  la*  completed  hy  Tl>  \(’  and  it  v»a«  nrrnngiil 
!hat  lli.s  projeci  would  !>e  «s>ntimie<l  hy  fir  (Wee  of 
the  Quartermaster  tieiieral.  The  isdlcetion  lias  eon- 
tin  led  hiumpy  an  ini|KirtHiit  |*»sitiou  m  the  Qnarter- 
inuiter  progiain  minvriiing  ti  vtile  deterioration. 

Organisms  in  the  Collect  ion 

The  cultures  de|>o*it«-d  in  the  inllcction  totaled 
t.lOd;  i#io#t  of  these  tame  from  the  (’aunt  Zone,  some 
frtmn  suhtropie*’  Cmtis*  States,  ami  a  frw  from  An*- 
tra'iu.  Tlie  nature  of  tie  culture*  and  their  sources 
arc  uidiinted  lie  low. 

'Tlti  uks  kkom  Ai’stiuii.i 

These  <x>ni|>risod  a  amail  s#t  of  10  cultures  furnished 

hy  toe  Mveological  l’ausl  of  tin*  Srieiitifie  Liaiac.ti 

Hurt  in,  Australia,  and  were  derived  from  llieir  ex- 

teivive  (idlection  istdateii  from  detcrioratisl  mnterials, 

tliiitlv  from  Xir  (iiiinea,  in  the  eon  ns  of  f*~ld  work. 
» 

‘ These  cultures  iiudii<h'i|  fungi  which  wen*  destructive 
»<t  i*t  I  hi  lose  and  olht  r  ti*sic  inatcrijl*  a*  well  as  to 
larieii*  tort  |*  mm  it*  of  tin*  flushes  r  textiles  ami 
sh— lug  astl  insulation  tf  wires.  Th  igu  into nstya 
ndv  h\  lhe  Mxcwlogto  I  Pi  nd.  the  j*  irntialities  of 
ttii  culture  w-ie  det  rwiued  as  w-ll  »  their  ap- 
di  ‘ability  to  c*t  f«ir  oval  latmg  the  trvpie-pnsit^ig 
»t  *  vob  variety  *-f  itrws. 

( "t  i  TPKys  Kkty  Q  ak cr  istfb  ('m.i*ennx 

|\  f  l.o|  III, i 

This  i  t  of  I.Mi  nilto  e  of  :  r<w  rj.*Si|i-i  1«  W.13 
#1#tix# '  fiim  do^noraied  artwWa  wlmh  wer,  reprv- 
amtaticr  it- n«#*f  pcjwijt  ^  ■  |*##l  u  .  -ragf  •in-’'" 

mi  W  i  mi’ Hi. i i-s  ra  f«Mv  pon  **]  f  >  ap-r  T'nifc*-  as 
<h*«rl*  a*  pc*.«iW«  thc^.  w  I  .4  h  n  fooud  ♦ 
p"  m  l'4  r  i  ml  kj*1  »tH  s  in  thi  Panfic,  'I  Ik 
'•t<~r  v»p  .  *  «-f «  »!.  •  «•'  -«m.|  r«i  repn»-rit<  J 

i  i  -  \i4  a  ■  -  h  'M»»*i**  *  of  t*Hi]n r*- 

tr.r-  atr*  *-  (*•.*.  «■  #  n  -wf  iIa 
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\  erinni  representative  items  * »f  »*ijuipineiit  were  of>- 
iMpne»l.  the  progrew#  of  tin  deterioration  of  variont* 
aitieU***  was  noted  and  fn>m  theiii  t*H'  molds  hii<I  other 
microorganisms  were  ix>lati*«l  at  suitable  intervals  »s 
t  In*  e\|NiMi;i'  r.rog  reused.  The  pur|x*Keof  tl *».■*  collection 
M  as  primarily  to  gam  information  a*  to  the  identity 
r nil  significance  of  the  organism*  con*  cmcd  in  the 
tliterioratio  n  of  materiel  nmler  field  conditions  in  the 
ffiihtropical  Tinted  States  when-  lh<  rigors  of  climate, 
t«*  a  milder  degriv,  approximate  those  of  the  truphn. 

4 'l  l. rntrs  i  ro.m  I’ammi 

7  e. i  tile  Kj  \Mj*urr,  Thuac  organism*  were  derived 
f nun  the  ex|**>mv  i>f  three  s*-t»  of  <*\|>ci  imciital  tei- 
t i lea.  A  large  'Majority  of  the  organism*  w*  re  obtain***! 
from  the  textiSe  exposniea  *!«•*<  rilied  m  Chapter  t 
w liii  1 1  were  | a* formed  at  Harro  t'olorail  i  Inland. 
1 ’hi  tuna.  Of  the  \ a riotia  method*  wliieli  wire  uwd  to 
isolate  fungi  from  these  textile  r  ample*,  the  method 
in  wliiih  lots  <»f  yarn  from  nloiou-lj  »*fTe<ti*d  spit* 
■were  teased  out  under  .i**ptic  eoiiditinits  was  most 
wid.dv  used.  Thi>  method  was  funiid  esp-cmlly  helpful 
in  revealing  tin  fungi  whiih  were  aetnally  growing 
in  the  falirie,  tints  <ausine  its  deterioration,  and  it  is*- 
tingni  lnst  them  from  the  fungi  wlii.-li  were  super¬ 
ficial  or  adventitious  on  the  fahne.  hi  all.  aUmt  2,000 
<  n It h res  were  isolated  in  the  cmirae  of  this  work  and 
ji|i|irijviiiiai*d>  io  |kt  rent  *>f  them  were  identified 
by  OetolKT  :U,  h»t">. 

lit  anotlur  of  tin  to t i If  i*.x|ni*iiics  using  the  same 
nmti'iuils  «>f  5 he  initial  test,  the  ei|mnn  phm  was 
modified  in  ord*  r  to  |iro\ide  more  realistic  romUtiuli* 
which  more  >  h»*e ly  nppioxiniwtcd  field  iis«-  of  h  xtiles. 
Wlien  Iasi  ie|s*rte*l.  only  nI*ou1  200  cultures  of  fungi 
Wire  f*i v ivefl  iron  this  I*-*!,  hot  when  tin- entire  e*»in- 
plmniit  ii  obtained,  tiit-Y  should  present  a  highly 
significant  ecniparimin  with  the  original  textile  r-x- 
jxaur1  test  si  me  the  sample*  are  ex«*-t  duplicates. 
The  difference  in  vo-atlcr  ’•Midili-uis  mid  the  difference 
in  <•  x|H»nre.  in  that  |aTio*U  <*.r exp-sime  wre  alte  mini 
with  j«  rinds  of  dorage,  should  givr  some  i'i  nil  .nr  hx 
t  i  the  intleeme  of  these  ndlilionil  factors  oi.  the  de- 
ti  'tf»ia*.iug  a*  tn*n  of  tie  fungi  comeroed. 

'Phe  other  textile  r.xjsisure  test  from  which  fungi 
trt'is-  isolated  was  al*o  per.*<  rined  under  Quartermaster 
sins;  :vt.  The  <  T)*osurs  was  pi  lined  s'vnre  evidence 
n  tin  influen  e  <>f  the  rare  u*  lirhcscri-ening  mm- 
I'io  ikU,  tl  Milo  • .  aw  1  f’inLiro\es  on  deterioration.  For 
lU»  an  entirely  new  of  fabne*  *m  pre|»nml  and 


i t»> d uilt*<l  those  which  lud  only  preparatory  and  dye¬ 
ing  treatinen's  with  no  fungoid**,  those  treated  with 
light-screening  «iuii]niiiihIs  with  or  without  selected 
fungicide#  in  x  irinu*  combination*  after  preliminary 
treatment,  and  t!ew*c  treated  with  w*Uite-l  fungoid-* 
after  pndinimmv  treatment.  1  he  cap  ft^tj  waa  varied 
according  to  the  treutiiieuts  which  were  given  to  tin* 
atr.ijihu.  Ily  the  end  of  Ortolier  UM<i  only  almut  100 
euiturea  of  fungi  from  the  aainph-a  were  n-emved.  The 
id*  ntifii-atton  of  fungi  from  lliewe  samples  is  to  la* 
(•urrelnttsl  with  iii'cstigaiioiis  uii  the  cheaiical  and 
|dtoto«  licmmd  degradation  <if  the  siunph  -  and,  wlien 
tins'  inforimition  is  ivutplcte,  it  slmuhl  eo-.itnhutc  uik- 
t«*»  in  1 1  v  tn  an  umlerstamlnig  >*f  the  iufliwMiii  and  *x>in- 
phiHtod  intei action  of  tJte  nudds.  the  fahrie.  the  finish. 
h  in  I  tin-  climate  tn  relutiaai  to  tropical  deterioration. 

.' urillzcl  ('ott.)H.  A  krge  minder  of  euiturea  were 
*l*me<l  from  cotton  falnus  whnh  were  ex|»o(M*d  after 
sti  nlization  l*y  ste'am  under  pressure  or  hx  the  nan  of 
di-nihx taots  su*  h  a>  fornmUKdi vde  or  ethyl  aleuliol. 
The  pur, 'a**  of  tlu-se  **.\|H>snria  was  to  gnm  vvi*]emxr 
as  to  the  idt*itity  and  tht  tmn  of  devHopim*i*t  **n  the 
sterilised  fnhni-s  of  ni*<!il  demnl  from  mtural  aotireia 
in  th*.  vicinity  An  nfalysis  <  f  tlieve  organisms  should 
slusl  aniiie  ligfit  on  the  influence  of  such  aterilizatioii 
uh-UiuiIk  **«*  llr  suSMXjuent  development  of  mohls  on 
the  sainpli ».  Hy  (Siai|»#nar<ii  of  tluwe  fungi  with  tii»*se 
nsdatis]  fr*uii  coMpN'mldt  iinsteri'iwsl  RampU-a,  m- 
fonnuti  *ii  n  hitivc  t*>  tl'.e  inflminu  *>f  s|s>ic*»  pick’  d 
up  in  iiiaiiiifH'tnre  <r  tiamsii  to  the  tropics  should 
la*  *  Urifu-d. 

.Yu i u rut  Slol'h .  Tins-**  ci-Kurrs  were  eoller-tinl  wttl 
the  purisme  of  dcti raiining  the  natural  soiii'xw  of 
fungi  which  liar  l«n  fmmd  to  Is*  most  pnil«*minan1, 
fmpient,  *»r  siirrufiisilt  ot*  the  fXTvneed  teitilM. 

I  u//tirrA*  fmm  Optinnl  amt  .Vwrrf'arrr- 

i*n  Matcrw i*  A  total  of  nltim*a  wire 

obtained  fnim  optical  ii  strvnneRtii  and  me tcriflx other 
than  textile*  whir  It  ever*  exjsimx]  at  ltarr*>  (’>>Wad*> 
Island  for  TI>.U\ 

Cr  t  ri  Hts  KHoyi  M  isi  Ki.t-assi'fs  Sin  u<  i-s 

In  addition  to  iln*  note  *  xtnwive  and  iin|s>rtant 
s.  ts  of  euiturea  indie-ted  al«ve,  there,  w*  r*’  re*  u-d  a 
in*ud>erof  miacelluiir  »r«  »e«j  tntion**  m<*stly  in  rather 
small  lots  «ent  either  fer  id  n'W-ation,  rom|*ariiion, 
*ir  study  Most  «>f  iln-in  wr-re  «ul  n:;tti-l  l*y  lals^ralorow 
*d  the  Army  or  Navy  or**f  other  gi.rrrnmi tit  agencic*. 
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i hftt .t^}jvrh!j^3e^jtP''-^u*iftK.of  the  Sietil r.fiie- 
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{urea  as-tlnwe.  re^iiireii  •ri-jK’steil  attempt*  in  thidi  r 
*.  !',;*•  >  .'  i;  !_i  s;f  fcjft  Ufi*.’  ot.hituijj  ;oti  , '.o.v,  j,  vc;  i' 

'  r.i'iphv.isr,  . "  ,' 

■.  ■  Cjintemioetion  vPh  Trt-i-pmi'  v 

opteo  ^0  v4 *ij  *« ■  •» n,1  *v,«a  »»;  {jit'  f  VJi' 

mrr-R  "ioffr  roTf’.r’rf if  ’W^tS’fRPtp  fy*r 

'tifisi’jrH'  suilhat  -ti  wa-VTiipnett?  so  eiMoo  t^sW^hv 


.  *-•**<■ 


■  •)  f*t>'«V;  •  i'l 


•*,»;:r  If-ea  w>mtr*f  *0  tlv-.TIfvC 

r-t:v  i  CflsIrT’t !t??s  f  'ftrft Vrv*  ..v.t*)  aiioi  ihv 

v rV-v  a-t-r~ i>  ji;  ;h<j  t7i!?»'iir.4t£t''  of.  Lfiiitof- 

:-i: r  f'i;  yOOr/.-i  ''iiO.f iiX'fOit  v. 1 1‘ 

-'■  ’ ; ■  -  r  t ry> , 


.jj  ohUiitiuR  pine  Ooiiaj'wSivTo  prerenv  lot'  of 

Olipiii  0 f >ri  'fiwH-'r r. niM^iujiAno/  0‘rSfT1"'^  On 

fii»i  U  •*<-<  i  • »  OMfMi'Ri  i*i#  iii  |1|  n*i  111,  *  *  *  ***  iJ 
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hi  the  i  oiitwtfwi  w>y.  Uu'it'i'sed,  iVisav-sn*  iiw>  ,'.itttir&'» 
totoleil  tie?  r4V«..  «>imfH?jK!  iff 
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«M4bs»cs  ss  «thi>r  istaficreneE  *3 
»*>()  sa  for  ufce  i«  idetti fieat  ion  0?  the  >»rgcbtam.  The 
on  kmptisto  prmsrv*thiH»  »f  Utfotihnres 
nndemk^t'm'ortWrTo  In»«a  U«t  inak  of  iriiJntsitri  ag 
a!!  ttiUurca  in  s  Tiabie  cocditiats.  arid  to  coa xiivu  for 
future  study  this  highly  iinportant.  and  *iguiftesr.t 


BEST  AVASLABLE  COPY 


TOQPtCAL  FITNOUS  CULTURE  ODIAJlTId* 
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M.u  kIWa.ki'R  or  tVm’RVc  iv  Tm:  Arrtvt  .State 

lVt  ib?  >:ta  lose  agar  of  tin*  following  formulation 
via*  wie?  u<  maintain  active  growing  stock  cultures: 
IKK  p  i«  to,  10  g  mallow,  20  g  agar,  1  1  water.  This 
lire*  ed  <  1m>  moat  sticcousful  for  a  wide  range  of  dif- 
':r»-  h  t  cgi,  Imth  for  mvjring  abundant  sporuletimi 
:m,l  for  a  ippuitiug  1<  ng  continuing  normal  growth, 
to  i-o  firing  the  totally  growth,  color  production, 
•mil  otjii  tharartcriatiea  essential  for  identification, 
t  *  sti  t]  trd  «impari*»ii  media  of  different  formula* 
lien  a  i  t  •  used  aa  reeutn  mended  by  the  expert*  i»  the 
va»-!otn  t  tv  mimic  group*  represented.  It  was  al.o  nec- 
i  Mitry  line  special  culture  media  for  growing  those 
'viifji  1  .ch  proved  to  be  very  fclow  in  developing  diag- 
tn*<  ic  .  araiderisUr*,  including  nouaporulating  my- 
;**fi a  ‘iHfiiet  eultn re  procedures  were  also  employed 
la  *>“  j  ng  critical  develoj  neutal  for  proper 

ideidi  ;•  iii«n  of  many  of  the  form*. 

M  i.i>  ;  i.N'AxrE  ok  (naitivateii  Cci.ti'khk  — 
h  O rruiJMATir* 

1  .HivMi-w  of  fungi  by  this  method  involves  the 
tvo  *f  ti  smsl'  nmoant  (.05  <v)  of  &  <  tense  KU*p«iusion 
<  *  >  «  i»;  ss.ine  Ivopliilie  colloid  aoeli  as  horse  serum 

of  *a  x  mdc.  ,f,hiB  suspension  is  placed  in  small  con 
i.turi.  midi  *«  I'vret  glass  tubing  (7  mm  00),  and 
,i  in  lint ly  fi  eii  at  a  taw  temperature  (—50  io — So 
rC  i  After  f  slang  the  sjwre  «u«]>eu*ion  is  dried  by 
p  imping  of  «  water  vapor  by  sublimation  under  a 
t  scrum  of  d  ut  t00  n  of  tncrvun  until  a  dry  jiellet 
i$  t  Alined.  Te  gins*  tubing  u  then  fuaed  off  amt  the 
ixuu,iiier  viih  IN*  pellet  is  hermetically  sealed. 

Tliis  int  be-  had  originally  l<een  tiaed  for  the  in 
ac. nation  uf  feirterial  culture*  and  liad  proved  highly 
si’  •cfsai'ul  fx.tpt  in  tlwi  case  of  certain  notably  aensi- 
tive  and  villa?.  aMe  form*.  Hecent’v  the  procedure  hat 
ht*ji  .‘ucojaefi  lly  applied  to  the  conservation  of  se¬ 
lected  culture*  of  yeast.  A  small  apparatus  had  been 
ivrtitttm*  d  by  the  Harvard  lalxiratary  for  preserving 
die  ivIIsm  tr’on  of  fungi  preiiouak  prevent  there.  Vean- 
while,  eaten  ive experiment*  had  l*vn  wnducted  at  the 
llverii  l’egioual  llewarrf.  l-alvoratcry  in  which  thin 
method  wat  applied  to  the  preservation  of  numerous 
fucig-.i*  rwltiues,  imrttcularly  of  lVni  dlium. 

A  copy  of  a  Mtnumnpt  in  the  prmwa  of  p  ihhcatlon, 
whi.h  appear**?  in  the  Joly-Augn*;  HM‘>  la*'’.-' of  A/y* 
rofoyia,  dracribing  the  reaulte  of  thts  expent.ii  iHat.’,u 
was  loaned  to  the  culture  c«.lle»'ti..n  and  this  fmiVeil 
to  \>M~y  UM'fnl  and  a  .vantageou*  to  the  program. 

The  lyophil  nvethod  of  long  time  preservation  of 


fungi  esu  be  applied  to  a  wide  lariety  of  fi.ni’.e  but 
not  tn  all.  Tcchniial  difficult ir»  as  well  aw  toe  failure 
of  irrtain  typed  of  spurea  to  withstand  tbs  rolatnely 
drastic  method  of  treatment  prevented  this  method 
froui  being  uacd  fur  all  orgauiams  repieeented  in  the 
I'ollo’hon,  Neierthele?^,  in  oilditioii  to  the  fact  that 
Die  lyophiliaatioii  pnigram  pn>\ided  a  uieaiiH  whendiy 
tliene  cultunn  «>uhl  lie  preserved  for  intensive  study 
at  a  lut*.  r  <lat«,  it  saved  considerable  c\]M'ii*e  and  en¬ 
ergy  by  reducing  the  iiiaiiitcnaniv  pr<igrant  and  allow¬ 
ing,  as  r  reaidt,  more  time  for  the  critical  t»*k  of 
identifying  the  cultures  wt  ham!.  Hy  O<to'»>r;it,  1  !♦  t r», 
a  total  of  1,734  cultures  wa»  nreivrvtxl  hv  Ivotibiliza. 
tion.  »ud  the  program  vu  continuing  at  the  rate  of 
around  300  vultures  |xt  month,  mostly  in  triplicate, 

AI AIN'TKM  AN»  E  OK  1  N ACTIVATiJ)  (’ULTI 'KE5  — 

?N4*TiVAiios  I'.snnt  Hinkhvu  Oil 

11  v  this  iMtllusl,  younf*  vigorous  colon nw  growing 
in  ontlusry  6-iu.  test  tuliea  on  agar  medium  are  con* 
serv«»t  by  pouring  in  sterile  mineral  oil  until  the 
tip  of  the  agar  slant  is  Muhirurged  aUmt  1  to  Hi  nn 
below  the  surf*'1*  of  tJu-  oil.  This  layer  of  mineral  oil 
cuts  down  eiajKiiwlion  and  slows  down  the  mtivitiea 
uf  the  rwlony  so  markecTy  that,  if  kept  in  a  refriger¬ 
ator  or  i  ven  in  a  iool  n*>ni  temperature,  the  i  uhnres, 
while  they  may  sMoW  aoine  growth,  w*ll  rrlain  their 
viability  for  ss  long  as  ‘wo,  three,  or  cien  more  years. 

This  method  also  had  originally  IhvI)  usm  for  the 
conservation  of  bacterial  cultures.  Heja-rb-  had  also 
fs’ui  ide  on  tlw  su<ei,esful  upplicwtion  of  this  pres¬ 
ervation  niedvcal  to  fun<{i  for  ]«rit>da  of  at  leaat  1H 
ruontls.  The  ailrantagw*  and  disadvantage*  of  tins 
met  hid  of  loctcrvatiou  of  fungi  are  diM-nsaed  in 
OSiin  Uijmrt  5tidt*  and  they  are  hase»l  on  the  broad 
rvpcvieiuw  gamed  durijig  ih<>  acttrity  of  Uie  ivllec- 
tion.  In  general,  it  was  felt  ihal  the  advantage*  far 
outweighed  the*  duadvaotagia  in  itajng  this  technique. 
Many  factor*  in  its  favor  are  cited  in  addition  In  the 
one  litcd  pmiuualy  i-orwernnig  the  n»ntrol  f  nnhw 
which  Biay  he  prwnt  in  the  cultures. 

As  with  the  lyopniliwtum  program,  this  progiam 
involving  the  conservation  of  cultures  by  the  use  of 
mineral  oil  rrpreaeMa  the  first  rns  anoe  in  »hi«h  this 
du  tlusl  was  applied  to  autli  a  Urge  number  of  cul¬ 
ture*  of  »•  «  h  diuraifie*!  tv  |we  InatJT  4  mltnres  wen- 
thua  tonaerved  by  Octobet  31,  1815.  Th»r#forw,  tlie 
cultures  «hi«h  were  onwi.ed  by  Uth  the  use  of 
niineral  od  and  lyophil  sation  represented  appr  -xi- 
matvly  twothinla  ,f  those  press  lit  u  the  col  tat  von 


n 


OHCANISM5  ASSOCIATED  WITH  TROPICAL  DETERIORATION 


2JM  Study  mid  Identification 

For  th<*  it-  Mit  part,  tlioi  study  of  th«  fungi  prasect 
in  the  i>«ll«*<tiou  wan  i'Wiftii**d  to  that  which  w*«  e**er.- 
tial  for  their  xhr.tsfliftion.  A  considerable  amouut  wf 
study  was  devoted  to  developing  «>r  nullify  mg  i»*tlh>! 
to  f»(i)itati.  expedite.  and  iit«|>rove  the  prowler*** 
no**»**iry  fu;  t If’  preparation  of  such  large  cpiautivies 
of  material  for  ident  dilation.  For  refer*  uc»  purpo****, 
leojd  wnn  made  of  critical  or  important  fungi  by  rc- 
thi'iing  them  as  dried  horbunnm  specimens  or  by 
preparing  Ko*la<  liroine  photograph*  for  accurate 
jH'rinauent  record*  to  show  the  ivilor  and  growth 
rh.vrActeriatiia  i-f  eoloire*  grown  in  petn  dish  culture* 
oit  atandnrd  comparison  media. 

The  moat  sigmAi-aut  and  essential  a»*t i \ it v  in  con¬ 
nection  with  liie  study  and  identification  of  the  fungi 
was  the  preparation  of  |M*rmaneut  nwroacopie  elide* 
wlceh  rerv**d  not  wily  a*  a  liasi*  for  identification  but 
continued  to  aer'e  a*  e**eidial  r*fi*reni*e  material  for 
aub»c*juent  miu|M*?i*oi»  ami  ident  dirntiuu.  Thi*  elide 
cadloclion  in  itself  <on*tdi«t<  a  aln-dde  and  india- 
ya-o-vole  record  of  th>  fungi. 

A  total  of  U,*?l  *-n  1  alrb*  »a*  prepared  hv  <«• 
tolior  31.  HMA.  Th»ir  preparation,  in  many  cases, 
involved  viriiiu*  apotiahwri  technique*  ilirwted  to 
sevure  and  prefam'  the  critiml  material  nee*»-#ry  for 
identification.  Tin*  various  teilniquee  employed  and 
ilM  uae  of  a  new  material  whit  I  was  adopt**]  for  seal¬ 
ing  cover  gla**  mount*  are  dem  rih**!  in  a  rc|H'7t  issued 
In  TOAC,  OMtU  :*«t<I.* 

Tite  majority  of  the  determination*  ai.d  idmtifba- 
tiona  were  ma  le  hy  the  evprrt  personnel  of  Harvard 
Vimi’rsitv  aawv-atcd  with  the  rostrart  Of  the  l.Oit? 
culture*  which  were  sent  to  ap*viali»U  for  identtfira- 
tkwv,  a*  mdiratod  i  it  Section  ?.<.  A.  identtf  at  ions  of  ItiW 
were  >vmplcL*d  and  returned  hv  the  end  of  Octolwr 
J  ID.  Bv  thi*  dote  a  total  of  ?,??«  hlentifliwtioM  had 
Utvn  made  More  than  two-thirds  of  the  identified 
ciiltvirrw  were  isolated  in  the  Panama  Canal  Zone.  The 
appendix  of  tf^Rtl  Report  .Vtal*  h«t*  in  alphdwti*-*! 
or*l«*r  hv  genera  ami  s|«et  n*i  these  identification*. 

i2:  0>nclnM<,fW — Points  of  Interest 

InATAXI’WI  Or  AsW*  IATIOM  l\|l  ISTRai.TtOV 
irrwKnv  Ft  vot 

Pertain  aiuUmrn  anaviatii  n»  of  organ’Mn*  have 
bc«*u  encountered  repeat  ixlly  and  these  h*.c«  required 
umaid1  raid*-  e k ill  «i-l  pallet  it  to  **.]«•  rate  into  pnr* 


cultures.  Tie  frequency  of  oc*,nr rcni-e,  the  i-ompati- 
bility.  and  atubbonuwa  of  tin***-  sasovirttnuis  suggest 
that  they  may  lie  advantageous  rather  than  merely 
cliam-e  combinations  among  the  iui.\e*l  i*>pulatu-iM 
common  under  natural  fondi'ions.  Those  a s*u*  intioiii*. 
as  indicated  and  ili*vns«ed  in  OSU0  l(c|s>rt  in¬ 

volve  *|***t  ics  «f  Trichodcrina  and  Hotryodipludia. 
Trn  luxlhrma  and  Ktiaarinni,  I’lillularia  and  IVnicil- 
Iiuiii,  Hot  r  rod  i phslia  and  Miicor.  Fi  sarinni  md  Mil- 
cot.  uml  Fnauriui'i  and  IVsH.oti.t.  Another  .  it  1 1  asso¬ 
ciation  frequently  cm-ount*  n-d  was  she  mixture  of  .. 
small  yellow  rod-form  hattciinin  with  I’ldhiUna  or 
with  the  tan  lMiv«**iiiv<etee,  Hlakn.li  *t  a. id  t'boauc- 
ple>rn>  Two  instances  of  iwUMsitn-  asnOtHa’inn  of  fungi 
wer*j  eiK*ounter<-<|.  On**  involved  a  Scptoueina  like  im- 
|icrfc<  t  fungus  jiarasitie  <«i  and  in  tin*  mycelial  i*l«- 
incut  of  the  l’liyeoinyceto  mold,  /vgorhy  n*  u*  The 
heptoncnia  was  foully  t»*da)isl  from  tin*  Xy.-'ortivnnw 
tiirongn  its  rapivl  growth  *  u  ,*-nh  cellwlos*  «s>  ilannng 
substrata  as  mini-ral  sail  solution  plus  filter  |M*per,  on 
which  tlie  /ygvolmu  ns  dc*<*)o|ssl  only  mcagerlv,  'Vlic 
oilier  mvolveil  a  very  .1**1 1 i  h I *•  slcidrr  tilane*  ton*  or- 
ga ii i Mil  so  iiM'niuq'i*  noiirlv  para.iiii  in  a  Mm  In Ixitryv 
culture  from  Aintruiia  th-i  t  ih**h|s<«I  notov  for 
months  hut  when  ilimsoeml  was  trini-d  thnvugh  all 
■  ueoe-'Sive  transfers  lank  to  tlie  original  <  ultnte  taU*. 
Hy  ns**  of  tin*  same  ruitt  «  **lmm  these  two  crgai  - 
nuns  were  separaltd  ,  in  «-r»-  ugly  nmugli.  tht  |»ara 
sit  ii*  organisms  wl  *1*  IhoI  A*  tinoiMvccte-likc  <  liarac- 
teristiis  nstgeew  the  repiin-dly  (vllnlose-prefcrring 
Sta. I  vHdrys.  it  ana  noted  thut  altlioogli  (la*  *  II*.  • 
tmn  cimtaiiusl  a  nuinUr  of  uiliurt**  of  I’enialHun* 
rufulojiwm ,  well  known  for  it-*  freqmstiy  and  ntitally 
d***t*w  tive  para*-ti»iii  -ni  .|svn*s  of  rgi'lo*.  es|x- 
i+ally  .1.  aiger,  all  of  tlu*  <  nltuies  were  isolahd  not  a* 
^simslte*  on  mohl*  hut  a*  sapn-phyte*  *m  textil*-  ami 
other  e.t[ioa«sl  mat  rial* 

Among  the  instamv*  of  intem* turn  l»twe*n  fungi 
wliieli  w*rc  noted  in  tie*  it.iirse  of  tin  wawk  was  on* 
of  particular  interest  bemuse  it  involved  tin*  stimula¬ 
tive  a*  twin  of  .otlistaMTx  produced  hy  one  mold  oil  the 
sporulatiMn  of  other*  *Ki-h  lia*1  previously  |*ro*lnev*l 
spore*  in  only  meager  amounts  Thi*  proved  to  be  of 
pm*  te  al  value  Is-canae  ad**«tnate  s|a*rc  load-  for  lyo- 
plnh.zation  were  tlin*  secvircd.  Cultures  of  Pdakeslea 
are  ilifiieolt  to  i.  i.i*t..,,v  •svnuac  they  spirulat*’  <  nlir 
ran*|y  and  s|*aricly  ami  th**se  pn-sent  n  lie*  (v»Hwti*w 
were  no  eviepti^ii  Cliame  mtitani  list .  *n  in  |*rtri 
dislt  ru'ture*  of  IHakeslea  were  oUanral  to  oiniwlate 
*|a>r  prvj*lucti*m  In  forvlor  rxpcrimen'atioi.,  i  ru<le 
t<  ri  ll'trate*  fu-m  the  grewth  <*f  the  contaminant 
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P'mcilluim  on  liquid  media  w-  re  to  vnrio»t» 

nutrient  agar*  end  pioduucd  abundant  -qinrulatiou  by 
this  of  Hilda aiea.  Further  nivetdigation  may 

rfvcjil  tli*'  nature  ami  mechanism  of  tin-  stimulation. 


I’KOHII  M*  I’UIWKVTKI)  1»Y  No\-l*ORt  LATINO  MYi  1.1.1  A 

IWaiwe  of  tin-  di-pro|  nrtioimte  amount  of  lal>or 
involved  in  obtaining  sporulrting  cultures  of  these  or¬ 
ganisms,  identification  ha-  n*»t  been  made  other  than 
1 41  assign  them  to  major  group-  of  fungi  when  |to&.sihlc. 
rriie  ly/ophil  te<  hnique  cannot  he  epplidl  to  the*;  and 
nil  of  them  have  been  C'ouaoned  under  mineral  oil  for 
ntudv  *st  a  later  date  Many  of  them  apparently  play 
»u  s>  sj'e  j*art  in  deterioration.  e»pmia!v  iu  the  deg¬ 
radation  of  cell nlo-e  Tliev  are  lomrmw  in  nature  and 
number  330  culture*  nr  aiiout  >*  per  ivnt  of  the  total 
n uniiter  in  the  collection.  Se|>arMtiiiii  of  tlic-e  organ¬ 
ism-  from  cuntaiiiinanU,  ami  their  maintenance  in 
auTve  culture  present  linmeroiw  prohtcnm  and  diffi- 
•  •Itltioe  but  these  have  l«een  lessened  m.Msidernlilv  by 
lining'  th<’  miiit'ral  oil  conservation  technique. 


FkKQIKM”V  OP  Ril’RKHt  NTAI  I  .N 

A«  OSRO  tleport  -"dial ’  |H>iiit-  out,  attempt*  to  use 
the  fivq-icn<  y  of  rcpie-entation  of  fungi  in  collections 
«s  a  l-asis  for  <onHit-ion*  as  to  their  signfleaiiee  in 
'IftertciaTuni  must  lm  made  with  due  consideration  of 
the  factor*  involved.  Ordinarily,  it  would  lie  cu  net  tided 
that  those  form*  reprew-ntr«l  moat  frequently  would 
lu.’  tltoap  c*rgani»i»i'  lined  concerned  in  any  deteriora- 
tnii  piece- -.  However,  there  aj'O  many  interacting 
factors  w hch  nnial  l->  taken  into  consideration  ill 
evaluating  the  aipiil’cance  of  such  frequencies  I^r-di 
fac  tor*  a«  the  geognqdbc  locality,  tfie  aeaao  i«,  the 
nature  of  the  article  from  which  the  organism  has 
been  iwdnfud,  the  «*x|ioMire  given  ♦<>  the  article,  and 
the  rnetli<Mland  medium  used  in  tua.iug  the  isolation 
arc  in.|4»rtuiit  and  must  be  evaluated  aaorjingly. 

In  *he  case  of  the  original  textile  exposures  in 
1’imnnia  adequate  infonnutivn  on  many  of  those  inter¬ 
acting  fa-  tors  ha*  l>een  secured  and  some  sound  pre¬ 
liminary  com  Insioiis  hav"  already  l»ccn  presented  in 
<)SIII>  Ifi  port  No.  4807'*  i—ired  1-y  THAC.  However, 
further  detailed  analysis  remaina  in  evaluating  the 
signi tieance  of  the  inVurrciue  of  Ihe  varioua  fungi, 
|u  rtieularh  comparison  with  expn-nre  ie«ta  conducted 
la  or  as  indh  *  n  Section  4.1  “.  At  the  date  of  the 
lid  repiit.a  total  c>f  *.,130  id**titdicatior  <4  fungi  Iso¬ 
lde*]  fr.im  t lie  original  textile  exprunr*  had  liecn 


made ;  thi-  reprcwitii’d  practically  the  entire  acne- 
of  ndtlirc- 

'lhe  freipiem  v  of  r«  pren  ntation  in  this  1S44  scries 
ia  of  iiiterei-t.  Tim  genera  most  frequently  represented 
are  I’euicilliuiii  witli  Ihfi  cultures  out  of  the  total 
1.330.  Aspergillus  with  5»5,  Ku-anini  with  150, 
Trichodcrina  with  115,  IVstalotia  with  100,  I’uHularia 
with  100, nikI  ll«ttv«sliji!<slia  with  *#,  these  -even  - <mm- 
p rising  N.’lrt  cultures,  or  <13  j>or  cent  of  the  total,  lu 
contrast  i-ertaiu  common  and  very  widespread  genera 
show  notably  meager  representatic  n,  IMionia  e<’, upris¬ 
ing  only  18  culture*.  (.‘lado-poriuiii  1).  Alternant  X, 
luii/opui)  (.  sit--  hyM,-|-,tM!-0-ru-u  1.  (  s-riii*  v! he** 
geiicia,  now  well  known  in  tlu*  deterr million  program 
iavauae  of  their  destruction  of  cellulose,  ere  sparsely 
represented,  (’unularia  comprising  t>  culture  ■*,  Itrariiv- 
s|Mirinru  7,  Mctarrlrrium  sf,  Meuinoniella  1,  while 
neither  Stachvbotrys’uor  t  hactomium  np|s>ar  at  all! 
The  troublesome,  ytl  inijs-rtant.  group  of  the  jioii- 
.qstrolating  niycdia  is  tmt  of  course  truly  wapaiwhle 
to  a  genu*  siikx*  it  >»  a  lieterrgeneous,  nuhisire,  nn*- 
oellanvou*  ssseinhhig  •  -if  greater  scojv-.  vet  for  pur- 
jsises  of  coui|«rativc  analysis  it  is  notable  that  these 
comprise*  1 1*5  isolatnms,  al*ont  15  ;ier  <vr.t  of  the  t<  !al 
in  tins  *< Ties  and  almost  double  the  H  jht  rent  reprv 
aentatioii  in  «ur  wiiole  n-llection.  (  ertain  sp-n  iea  allow 
notable  frequency,  Tnrhodrrna  liridt  l*eing  r-’pre- 
sent'-d  by  131  ml  tore*,  I‘etitrillimn  rilrinum  by  101, 
/'tfo'i i-Wia  fittllulari *  by  85,  Hoiryudifdodia  thr'obromHf, 
by  id,  1'fninlUum  vtttlingi  by  '2  i,  A.*f>rrg\'l>u  ccrxi- 
c-dor  1)7  t'i,  and  I’ejiaJo tva  by  1  I  the-e  aevi-u 

spc-’ii-  iiiHuding  ttJ5  isolations  or  37  ]*cr  <ent  of  the 
total  1,310. 

In  wntraat  a  relatively  laigi  nu  ol-er  of  epochs, 
don*  of  them  r»imu»on  and  widespr-ad,  ate  repr,..«*:it(>»! 
only  once  in  thi v  1911  sene*.  A  noiig  th-ve  are  9  s|>c- 
ei«  of  I'enicillium,  several  of  which  are  of  common 
oceiirrcuce,  7  ajiecir-sof  As|  >erjr.  I  Jus,  most  of  Thich  are 
(oniiuon  and  widespr-a-t.  am!  C  apix’iea  i-f  1'usarium, 
all  of  which  arc  widsly  dislrihirted  ronip-menta  <  f  tin 
soil  flora,  .lfiicor  yrmienjoa.  here  repuwcnte«l  ooic,  is 
of  very  com.aon  and  widesprca-l  mxxirretus’  in  —  *» I  • 
.lfsrwn>nir///i  rrlinata  is  common  on  plant  remain* 
throughout  the  tropics,  i»s  i  /Vs.'a-V/iw  ro9:<*ar. 

H  is  noteworthy  that  the  classic  test  fungi  which 
have  I*ce  aiNvptcl  a»  standard  orgnuism:  for  accept- 
an<x*  and  |irrfom*n«T  hwting  are  certainly  not  fre¬ 
quent  in  tlua  seiiev  f’A«sfwi»iain  ghrlmnim  dooa  not 
(eviir  at  all  it,  tin*  ***t  alt!»«o*gh  in  tli«  « vl'nre  colWtion 
as  a  wlml*  it  is  represeiUal  hv  thr**e  cultures  in  oiler 
Canal  Zone  set*  and  hT  sh  fixvin  th«  Florid i  five 


u 
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iin*t.  th#’  e\;*o#ure  teM.  .l/r 'tarrki  gluHr>»- 

*  it  tn  i  it  r»  ji  rt-vfiitol  only  twice  in  thus  series  ami  occur* 
tw  he  in  the  Florida  set#.  Mcnt non <*lln  rrftinala  in  rep- 
rt'iM’iiUti  luit  one**  in  tli is  act  in  <-ontrn*t  to  twice  in 
other  Canal  Zone  ml  tart  ion*  and  four  tines  in  the 
Australian  Mieulogical  Panel  net.  StarhyMry*  nlrn 
ii*  r.ot  represented  in  this  senes  although  occurring  in 
iix  culture*  in  the  remainder  of  the  collection.  Atper* 
gillvM  fiat u*  in  represented  once  versus  ten  times  in 
the  remainder  of  the  collection,  Anpergillu t  niger  Ihrrw 
timer  lenrus  ’.*.'1  in  tlio  remainder,  Peniciltium  iutfum 

infill*  Vt*rSita  '  7'W /* L At)* ftMil  ItAu/nfof^  i« 

extremely  frequent.  It  should  he  noted,  however,  that 
some  of  the  <  iiittircM  comprised  in  this  inrlutire  identi¬ 
fication  are  not  of  the.  type  suitable  f<>  testing  since 
they  do  not  hreuk  down  cellulose. 

ft 

Certain  general  conclusions  are  drawn  in  OSlll) 
llejKirt  06H 1  with  reference  tn  the  natural  source#  of 
the  organisms  which  aecm  to  he  nu>*t  concerned  with 
deterioration  in  the  Canal  Zone. 

Such  spcciis  as  Triehodt  rma  riru/f,  llotryodiplodia 
thfobromar ,  and  Pentalului  nraalula  air  shown  in  su]>- 
pieinentary  collection#  from  the  t  'anal  Zone  to  Is?  i*om- 
moo  in  the  virinity  on  decaying  vegetation  and  to  in* 
carried  to  the  exj<oa*d  textiles  hy  air  currants  and  hy 
splashing,  dripping,  or  wind-tame  rain.  Pullularia 
yulfolam  and  the  frequently  represented  tpecic#  of 
l’cnii illium,  Aspergillus,  and  Kowiriuni  are  common 
in  the  soil  and  readily  f  rsn*|*ort«d  in  dust  or  spattered 
pailulvs.  Once  lodged  on  the  textile*  the  several  moat 
frequently  represented  fungi  bcesine  preiloniinitnl  and 
were  consistent Iv  predominant  in  all  .oietessivo  ]>cri- 
odie  isolations  throughout  the  ten  month*’  duratiou  of 
ex'MWUia.  On  tin*  oth*r  hand  the  rarity  of  C'unniug- 
hameiU,  with  one  isolation,  in  contrast  to  t!*e  com¬ 
parative  frequency  of  it  *  close  relatives,  Itukosle*  with 
?1  isolations  aud  (  Imanepliora  with  18  isolations,  is 
putrling.  All  three  are  common  in  the  vicinity  aud 
nor  of  them  nn*  icllul  *c  as  a  cartai,  source  Since 
Ulakeslea  and  Choanepliora  .xenr  naturally  on  flower# 
and  aiteeiileht  fnit's  while  CuniiinghaiucUa  commonly 
ilevsh.j  *  on  sui  h  mtatrata  aa  dung  of  herbivorous 
animals  or  on  nuts  nrh  in  nitrogenous  matt  rials, 
it  ia  poss.hle  that  the  relative  nhariue  of  ni.rogen 
sources  ill  the  t <•  \t i !«••*  is  r«*s|s*nsdile  for  the  scan  ity 
>>t  t'nnninghaiiiella. 

Compauisov  wni  Siuii.vn  Com  m-rms#  raosi 
otiiku  Hmuuxs 

Comparison  of  the  organism*  isolated  from  the  orig¬ 
inal  textile  exposure  test  with  a  few  available  hsta  of 


fungi  fnun  oth  r  localities  brings  up  eoriain  points  of 
interest. 

Only  SfHO  culture#  have  lieen  identified  from  the 
Quartermaster  Florida  storage  deterioration  tests.  Tlie 
distribution  of  those  ill  the  principal  taxonomic  groups 
of  fungi  agrees  rather  ctawdy  with  the  taxonomic  div 
tnbiitiou  of  tlie  fungi  from  tlie  original  textile  <*x|>o- 
sure  series.  The  genera  Penicillinm,  Aspergillus,  and 
Kiisariniit  »liow  the  highest  frequency  of  ap|x?sranee 
in  both  the  original  texMe  exposure  acriej  and  in  the 
Florid.i  storage  deterioration  lest*.  However,  tlie  gen- 

t*P«  Trinln-loHiitt  PiilloUrin  1  I  n  ini  i  u  uliil  llnlPi'ik. 

.  •  - -  •  —  a  •  •—  •  •»  •  -  •  j 

diptaiin  are  represented  far  more  frequently  among 
tlie  organism*  from  Panama  tlian  among  those  from 
Florida.  However,  ( 'h  actum  i  uni  uiid  Stachytalrys  are 
represented  in  the  Florida  collection  more  frequently 
than  they  are  in  tire  Panama  collection.  Cuuningham- 
eila  is  meagerly  represented  In  both  <x>ileetioHa  hut 
the  dowely  related  genera,  t'hoaiuqdmra  ond  Ulakeslea, 
which  Isrth  o*i*ur  in  tire  Cauauia  isolations  are  aiieeut 
froiu  the  Florida  colic*  tinn  even  though  they  are  both 
known  to  exi>t  in  that  region. 

A  rough  comparison  of  the  1’souma  fungi  with 
fungi  isolated  from  deteriorated  muteriala  returned 
from  Pacific  are^s  can  la*  obtained  hy  c*nitra#ting  the 
*K-currtMiie  of  t lie  nin**  iiuvst  fmue.nt  spe«  ies  in  the 
Pacific  li«t  with  the  *w-enrren«e  of  the*  same  species  in 
tire  Panama  list.  From  t.OOO  isolation*  |*erfor»oe«l 
from  1 37  samples  of  *leter;orate*l  nuterials,  a  prelimi¬ 
nary  list  of  fi'itt  identified  organisms  wax  kindly  fnr- 
islshcd  hy  t'ie  Tropical  lb,terioration  Ueaearch  f^abo- 
ratoncs  at  the  Philadelphia  Quartermaster  flepit 
whiYii  p»*rforme*l  tlna  imeatigatimi. 

The  following  list  compare#  tliese  one  muat  fre¬ 
quent  wfiecU's  among  the  l’acifie  fuugi  with  tlr  ir  fre 
quimcy  in  tire  Panama  isolations:  representation  of 
the  gejura  Piwialotia,  Cliactotflium,  and  Fusar.uu*  ia 
also  inolu  let'. 


AtfxrfiOud  niftr 
,V*miM#suRa 
A  tperfiUui  flam* 
AtprrfiOm  • yimri 
Ptnifittium 
ArpryWiH  trrmu 
TntSmdfrmm  nrtdr 
RalrfmdifirJtu 
PvihJont  f**A*JsA* 
PmtakKi* 

f'l  irtraniiMi 

F  atrium 
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tWHI>  Rejiort  Af»8P  cowfares  the  lalturea  from 
Panama  with  tin**  retx>rtcii  a#  being  important  lu 
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t/*«tagv  *1111  cordage  deterioration  in  India.*  In  thi* 
report  specie*  arc  li-ted.  In  general  the  fungi  of 
tin*  list  closely  jmrallfl  those  from  the  Tauana  tortile 
exposure.  bu!  tlwre  arc  certain  striking  discrepancies 
l»e*wt**n  the  two  li!*ta.  The  organism*  moat  frequently 
moisted  in  India  during  different  season*  are  either 
iilwrnt  or  only  un-age rly  represented  in  the  I'anama 
ixdlection.  Tlie  only  except. on  is  in  the  cnae  of  t]ieciea 
of  KusariJiui  which  were  isolated  abundantly  from  both 
regions  The  differences  may  i*neibly  lie  accouutvxl 
for  by  the  fact  that  different  culture  method*  were 
used  in  th?  isolation  of  the  organism*. 

It  will  remain  for  future  detailed  aunlysee  involv¬ 
ing  preeiao  comparative  studies  to  evaluate  the  signi¬ 
ficance  of  agreement  or  disagrvx nieiit  in  tlie  Irequcti- 
t  ittS  of  organism*  isolated  from  different  regions,  aiich 
as  hm-  hex  u  discussed  above. 

•Okxeiui.  SioxtrirascK  or  tiik  Frxui 

Kx.jiiinatii.il  of  tlielist  of  fungi  from  the  Panama 
•extih  exposure  test,  with  the  assumption  that  thereon* 
otitute  a  representative  cross  mxUoii  of  the  inycologicwt 
flora  ci-m-erned  in  tin*  deterioration  of  cottcu  fabrics  in 
the  ('anal  Zone,  does  not  reveal  a  a  peri  slued  individual 
ilora  divtiiu tile  or  restrictive  with  resjiect  to  1ck**1  ity . 
iuurcus,  aubvtrstn.  or  activity.  The  primary  source  of 
ihe  urgi  nisma  is  from  the  complicated  flora  of  the  soil 
vrhile  a  secondary  soun-c  is  from  the  mure  restricted 
flora  of  decaying  plant  remains.  Practically  all  the 
organisms  are  included  in  putdished  works.  tfasy  of 
the  fungi  are  not  restricted  to  the  ('anal  Zone  and  are 
widely  distributed  in  subtropical  and  temperate  re¬ 
gions.  T  ic  organisms  are  a  conglomerate,  hatcmgene- 
oue  aaaenblage  including  forms  which  are  well  known 
in  connection  with  the  spoilage  uf  food  and  pliarma- 
ceutical  products,  plant  disrases,  human  diseases,  such 
is  ear  and  skin  infections,  aud  sources  of  antibiotic 
Milwtanci*  of  pdcnbal  therapeutic  laluc.  1  his  it  only 
.1  brief  aorvev  but  it  dr**  indicate  that  those  fungi 
rhich  have  lx*en  assembled  in  tropical  deterioration 
•tudies  luive  broad  significance  and  repress* i  interval- 
ing  scientific  jese  ihililie*  an- 1  exploitable  pia*  cical 
pcteiitislitu-. 

X*w  Ccan  vxd  Ns  *  drr  »«e 

In  add!  loss  to  tbs  kno  a  (tMM*i  which  comprise  the 
bulk  of  th*  urganima  |>r  »*  i;  *J.j«  collect  o,  there 

have  been  -  neon  nicer  |  rej  rewnrativ**  of  eifht  ibf 
frTet>(  g*  tv  ra  aw  I  filter*  <l*ffa  rent  «yv>  ,r>  wbi  h  ware 
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previously  'itikuown.  Practically  .11  of  these  were  iao~ 
!n!*d  in  th*  course  *>'  Uw  urigiual  textile  exposure  aud 
when  judged  oil  the  biuus  nt  the  unusual  frequency  of 
new  forma  in  (ollection?,  this  constitutes  as  inordi¬ 
nately  high  jureoutage  of  new  organisms.  OrfKl) 
Report  5C81  indicates  the  irn[Hirtaiioe  uf  the  new 
forma  to  tropica!  dcterioratUm  and  to  the  science 
of  mycology. 

**  BACTERIA  CULTUHF.  COLLECTION 

Tlie  bj  -teria  cultures  which  served  as  the  nucleus  of 
the  Uacteria  Culture  Collection  [litT]  were  thoae  ian- 
liued  in  fit* hi  studies  on  the  deterioration  of  textiles 
by  the  Manama  Heiem-e  kliasion.  Tlu-  Adults  of  these 
field  studies'  «ro  given  in  OSH!)  Report  -4H96*  issued 
by  TDAO  ami  these  are  briefly  stnuinari.»c>!  in  Ke»- 
tiou  1.5. 

It  was  not  ]s»<  u'tde  to  identify  fully  the  isolated 
bacteria  in  the  field  laboratories  and  ail  culture*  were 
returned  to  thia  country  pending  leeiaior.  to  deter 
mine  the  identity  of  the  organisms.  Twn  general 
classes  of  lueteria  were  isolated  from  deteriorate'!  tests 
aud  tarpaulins  in  tow  «nd  cx|x>nrocntal  test  fabriiv, 
these  Iwiiig  Wet  ria  capable  of  destroying  relluluar 
and  iwnivdluloee-dcstroviug  Inutoria.  The  ini|N>rtamr 
of  the  cellnlos.‘-«Us«ujx*ii;g  finna  is  obvious,  and  the 
noiuellu! jiWMle(x.irip,.-»ng  forms  were  present  on  the 
fabric*  in  aurh  large  numbers  that  it  seemed  probable 
t*~.l  tlwy  played  an  important  part  in  the  b»'*h>gical 
deterioration  of  tlie  fabrics. 

Tin*  sigiuthwm-e  uf  these  pnlimtnary  results  was 
recognized  aud  it  was  rerun* mended  by  TDAC  that 
tlie  lt(V  be  eatshlohW!  for  th*  |  urpnae  of  identify¬ 
ing  ami  preserving  these  cultu  for  future  study. 
Aixunhngly ,  tlw  I'olWvtioii  wa»  *nt*bliah**d  at  tlo* 
Alabama  Agricult  uial  Kt  penmen*  Staliou  of  tlie 
Alabama  i’oly technic  Institute  with  the  mope  stem 
of  the  Soil  C'onsrrvalion  Service,  lT.  S.  l*rp*rtment 
of  Agriculture. 

The  idsntiftcwtioaa  which  hail  be**  made  by  October 
31,  1 54 A  are  axsmibariaed  in  tl<e  folk- wing  arcivow, 
liaaed  upm  <»!(!>  lU^ort  5<Jl 

ai  !drnlificttmti  of  Isolited  B*<*teria 

As  nth  the  Trr«\  the  •  ramus  task  uf  nboi  if- 
i rig  the  large  aa*'sn  •  f  >  *<*  •  wh*« 1  acre  «.g>* 
l ted  m  the  r*c»U  1  hr  T I  '  A 1 

fiactma  tadaUau  frvai  the  !’**«■*•  V4i»  .  *j»  .to 
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silted  uf  400  odd  1*11  Uu rw  ami  thcit  source*  sre  indi¬ 
cated  hi  Appendices  3  and  4  of  OSlIf)  1806.“  |u  h>1#1  i- 
lioit  to  tln-sc  there  were  approximately  i 00  cultures 
dirposited  in  the  collection  by  Quartermaster  labora¬ 
tories  these  were  isolated  from  deteriorated  materinla 
returned  from  rombat  zones,  mostly  Part  fie  regiou*. 
Because  of  the  interest  and  imptutahCe  of  knowing 
tin*  identity  of  those  bacteria  to  the  program  of  the 
Office  of  the  Quartermaster  (leneral,  the  contract  un¬ 
der  which  the  studies  were  conducted  was  continued 
by  that  office  and  the  idenlifti  ation  uf  tlie  isolated  bac¬ 
teria  lias  been  included  among  the  regard!  projuf* 
which  have  Urn  given  lop  priority  in  the  Quarter¬ 
master  program.* 

llJirMtlH  l  IK  IN  1  K  (’KI,LriJ»K-Dkt  OMPOSIMl 

H  m  mn  i 

highti*en  of  the  !!7  cellulose-dmimi  ming  bacteria 
isolated  by  the  Philadi  Iplnn  Quartermaster  I  *.U>iii- 
lorv  appear  to  belong  to  the  I’ytojhaga  group  of  bac¬ 
teria.  It  lots  been  definitely  determined  tlint  ten  of 
these  produce  microcysts  and  except  for  one  iiilture 
they  ail  have  lam  identified  a*  Si>oro<  ytofilmgi i  mynt- 
rocniiih.H.  1'urtlier  studio*  are  ncce***ty  to  determine 
wlic’hot  the  re>t  of  these  luemU-r*  of  the  Cvtophagfl 
group  form  micro*  as  well  a*  the  identity  of  these 
ceHuloso-dacomjuiKiiig  founs  which  do  not  In  long  to 
this  group. 

All  the  IS  cultures  of  t  rlhiliwc-dti-omposiHg 
bacteria  fr-on  l’anmua  have  a  leu  Ishmi  identified  as 
la  longing  to  the  (’ytopha*  a  group.  M.«»t  of  the*1  also 
M|i|M<ar  to  be  SfH)rv>ytvjniagn  myTuatct'oult*.  Almost 
half  of  tliese  eultnrea  wet  isolated  from  fabric  either 
in  contact  with  the  anil  or  I.  tried  in  the  soil,  but  the 
remainder  wpre  isolated  fr.*tti  tentage  anil  tarpaulins 
in  ns.1  It  i*  jx-rhaps  *»gnihwnt  tint  these  cvllulowe- 
destroying  forms  occurred  on  ibaae  fabric  in  use 
which  were  fouinl  to  he  n.o*t  seriously  deteriorated. 

The  ve!hil*>sC'<kx'uin]»*mg  haitaris  n  Ihe  collection 
which  do  not  belong  to  tlie  (’ytophaga  gro*p  have  l*en 
l«>s  studied.  Tltcy  on  or  more  w  idelv  than  do  the  t'yto- 
phagn*  ami  ap|*car  t  >  nwtuAle  (’ellulonwma*  liacteria. 

InkMti  t<  v i  tux  or  Ni  MkLt  rto*a-I>ti  oMfoaivo 

\\  uTraiA 

tlf  Ui-  SfiO  c»d tor'll  r>f  norex  Unloae-decvnruioe  ng 
Imrteria  dm  1  siuau  about  i-n*  half  hate  been  f>*wl 


fo  la*  either  yeasts  or  fungi.  .Many  of  thewa  were  found 
to  lx*  contaminated  with  a  amail  rod-abs|wd  I*  lenmn, 
wliiiit  war-  iiti|s>s>ible  to  eliminate  despite  varied  at¬ 
tempts  to  do  so.  Th*s  «s«m  isti.iu  *k«  apparently  '<  ry 
intimate  be*  auim  in  none  of  the  various  culture*  at¬ 
tempted  did  tlw  bacterium  foriu  separate  colonies.  Of 
tlie  ?00  Panama  cultures  which  are  haiAeria,  alsmt 
1/10  uf  them  are  cocci,  small  spherical  organism*. 
The  remaining  cultures  urc  practi<  ally  all  small  rod- 
duiped  forma;  although  sejmrate  studies  of  ijsire  for¬ 
mation  in  tlw  real  forms  Itavc  n  >t  yet  been  made,  ecr- 
tain  observations  suggest  that  spire  formers  are  less 
prevalent  lhan  would  be  exacted  from  a  considers* 
tion  of  the  eottditious  under  which  the  organism*  ex¬ 
isted.  The  coeena  forms  were  isolated  from  binocular 
lenae*  anti  leather  stitching  in  addition  to  deteriorated 
fain ics,  where  they  api*eated  to  lie  more  prevalent  in 
advance  staged  of  deterioration. 

No  positive  s|H>cu¥  identifications  of  the  ncuKelln- 
losc  bacteria  cultures  have  l**-v»n  made,  fmwever 
organism  LUicillu*  mycuulr*  can  l«e  readily  detetted 
because  of  tlw  eharaHvmiic  growth  lnibit  on  agar 
slants.  On  tlie  hasia  of  this  t liaiacteri.it ic  this  organ¬ 
ism  makes  up  at  least  8.5  |x*r  cent  of  the  isolates  made 
at  the  Philadelphia  Quartermaster  Ixtlxmrtnry  and 
,'l.ti  per  cent  of  those  ntade  at  the  .lctTetsonville  Quar¬ 
termaster  l>c|s»t,  but  it  is  uot  found  in  the  1'atiama 
isolate*.  I!.  my/mJ**  h  witlely  distnhnted  and  its  ab- 
sen--e  from  the  1‘anama  eiiltures  is  probably  not  tine  to 
differences  m  geographic  location.  It  would  acorn  to 
lw  more  pridathle  that  since  Ji.  niyroule*  is  a  spire- 
forming  nrganisiu,  't  either  |a*riiste<l  tluring  shipirrnt 
of  -ample*  fnun  the  l'at.ln  regions  while  leaa  resistant 
organooi  i  may  have  j«ri*lw<i.  or  s)eirei>  of  the  organ¬ 
ism  may  have  tnxn  ad-ail  to  ttc  sample*  in  tlie  process 
of  handling  and  »hipns*nt.  Otlier  atnlies  have  allow n 
that  in  soil*  H.  myrvulr*  .si-ura  prim  ijially  in  the  spore 
form  and  apparently  is  not  active  in  mil n>btol*igical 
ehangev  which  mur,  anti  it  may  a*  t  aimilarly  m  the 
mu  rolual  com  pie  v  found  on  iklt  rioraimg  Unta/  . 

It  should  Vs*  jsnnted  out  that  the  nh-itificatmn  i*f 
Iwctcna  is  a  T.wre  lals>rt«oi«  ami  tnne-eon»i*»jmig  ♦«..'* 
than  is  tW  i  Wntifcat  t*«  nf  n»  t  fn  gi.  Ib-suse  of  tle> 
small  «t*e  of  ihc--  iri  Pira,*'  r , -h. .t*  aitl  >  burst  W- 
isti'-«  are  st  bb«i  pritical  in  their  ideni  i6cau«i,  and 
re<  «4~jiltioil  i*  based  i  atea  1  on  fdivo  >  *  mw.  tapa  it  U 
or  rlarack-nH  t  -  Metansr  of  tie  *e  re*—* 1  «  aT-t  beet 
of  the  fwt  tha*  ■  are  jw-ar  ,m  to  siped.U'  tlrf 
taak  of  Ke  tsoAena  were  wa  able.  th*« 

l aaa  ha*  M  mad*  as  rapid  progn-wa  a*  k«i  the  *■ — li* 
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liration  of  fungi.  With  ilws  imitation,  an  excellent 
lifi'iHitiitg  has  Ihvh  made  toward  obtaining  a  rlcarur 
undi  rstandisi;;  of  tiio  role  wl»iji  tli***e  organisms  may 
play  in  the  disteriorntiun  o'  fabrics  under  field  condi¬ 
tions.  Although  the  tentative  evidence  at  liainl  indi¬ 
cates  that  tiny  may  p|a>  a  significant.  though  minor 
role  in  fabric  deterioration,  tin*  fall  story  cannot  lie 
obtained  until  the  organism*  are  identified,  and  their 
important  physiological  cluiracteris*' '%  with  reference 


to  fabric  d« d«-r iora lion  dctenmmsl.  This  resea*  eh 
would  iimlnde  dt  humming  the  ability  <>r  iimbdity  of 
the  organism  to  altack  tin*  vomjioneiil*  couimoidy 
used  iii  the  finishing  of  fahrie*.  ami  even  perhaps  sup 
piemen  ting  these  studies  with  additional  field  studies 
particularly  designed  to  approach  critical  »spe«Ui  of 
toe  problem  directly,  lather  than  to  make  a  geneial 
survey  which  is  primarily  eoncerutd  with  determining 
the  incidence  of  bacterial  deterioration. 


Chapter  3 

PREVENTION  OF  DETERIORATION  OF  OPTICAL  INSTRUMENTS 


3  1  INTRODUCTION 

Rhpoii ix  rnoii  tii h  Unilol  Kii»g<Join.  Auatr.iia.  and 
the  United  State*  have  Mated  that  the  problem 
of  deteriniatmu  of  optical  imt  rumen  ts  in  tin*  tropica 
i«  rvat  a  new  one.  It  is  indicated  further  in  OS1U) 
Report  rtOSA’  issued  by  the  Tropical  Deterioration 
Administrative  (’n'limittce  [TDACJ  that  problem* 
with  optical  iffttruimmlM  occurred  during  World  War 
II  largely  bwaiiee  instruments  designed  ami  inaiin- 
fa'  tiireil  for  use*  in  temperate  *>ne*  were  need  in  tmp- 
ic  al  areas.  Ail  Australian  report11  suggests  that  tlw**e 
problems  assumed  major  mnsirUner  because  facilities 
for  storage  of  instruments  were  extremely  primitive 
in  the  early  stages  of  the  New  (iuinea  campaign  and 
because  New  tiirnea  is  climatically  one  of  the  worst 
[Mweihlc  places  for  fungal  trouble.  In  many  localities, 
and  certainly  in  the  jungle  itself,  conditions  of  ex¬ 
tremely  high  humidity  prevail  throughout  the  vlmln 
year  without  the  alleviation  of  a  dry  season  such  as 
occurs  in  some  tropical  areas.  As  a  result,  optical  in¬ 
strument  workshop*,  which  were  inadmjiiatelyecjuippfd 
and  styled  for  even  normal  repair  work,  vrrre  unable 
to  cope  with  the  flood  of  fungus-infected  inst-ument* 
which  de*< -ended  ut«**n  thm.  Many  ty|»"*  of  iu*tru- 
ments  lasted  only  fnnii  four  to  eight  weeks  tiefore 
h<  rneag  infc>ctc*d.  Not  mil*’  wire  instruments  in  iim* 
Morning  infected.  but  rev*  instruments  awaiting 
issue  in  depots  were  found  to  Is*  dctcriciraiing  rapidly 
o.i  the  shelve*  M-aiisc  ..f  fungal  attack.  It  wa«  fre 
qucutly  necessary  to  clean  and  overhaul  hivomilanc 
which  had  lsa>n  rccimditicim'il  only  a  few  week*  U'f-ire. 
New  or  reconditioned  binm-ultra  which  were  shipped 
front  Australia  were  found  to  l*e  infected  l<ef >re  they 
were  issued  front  New  (iuinea  dr|*»ta. 

s:  STATEMENT  OF  PROBLFAI 

The  various  rej*  rt«  which  are  cited  a  reference*. 
„a  wed  o*  oilier*  to  wtudi  no  specific  reference  is 
made,  int.eate  that  u  der  tmjucwl  roiicbtic.ns  d«  teno¬ 
ral  »«>n  of  one  foim  or  another  cseur*  in  the  me.nl 
boclire  of  indrunw  .it*,  lemew,  aitd  pr»n-«,  aa  well  as 
•n  luting*,  grease*,  jaunt*,  gaskets,  and  cvber  mate¬ 
rial*  such  a*  cork  end  rubb*  r  whtc  h  mav  be  »an|.  AI*o, 
leather,  metal,  ami  rant  a*  end  for  nrning  <  »•**  may 


hr  seriously  affected.  In  general,  deterioration  may  l>e 
dne  to  moisture  alone  or  moisture  in  cvmhination  with 
fungtes.  No  matter  what  the  sjiecific  effect  on  any  of 
the  materia!*  might  have  M'li,  these  effect*  did  not 
|irove  to  be  serious,  insofar  as  the  function  of  instru¬ 
ments  was  concerned,  until  the  glass  surf  me.-  them¬ 
selves  were  obscured.  This  was  a  somewhat  tHirado.v- 
tcal  situation  in  that  fungi  fouled  glass  most  rapidly 
in  service,  although  glass,  along  with  metal,  i-  itself 
least  able  to  siipjmrt  fungus  growth. 

According  to  DSHD  Report  411K,*  fmihd  optical 
glass  can  interfere  with  the  efficient  operation  of  an 
instrument  in  two  ways-  (t)  by  interference  *i:*l 
loss  of  tight  if  the  tarnished  area  is  continually  in 
focus,  and  (*£)  by  causing  jn-nuiinciit  etching  of  the 
gla«s  when  such  fouled  area*  are  allowed  to  remain 
without  cleaning.  That  repeirt  defines  and  ih«<  iisses 
the  main  tyjaw  of  tarnish  on  glass  surface*  winch  rc- 
sult  from  exposure  to  a  lM*t  humid  climate.  The***  are 
(1)  physical  and  chemical  c-lisngea  in  the  glass  sur¬ 
faces  resulting  from  prolonged  cxjvcmnre  to  hiinml  air 
and  condensed  witcr,  ('<!)  tin*  distillation  of  oily  sjh- 
stamev  upon  optic*al  surfaces,  and  (.1)  the  growth  of 
fungi  over  the  jlass  surfaces.  The  distillation  of  *id>- 
staneea  is  also  cited  as  an  inijsirtant  factor  in  ilctrrio- 
ration  m  a  rc-jscrt  from  the  I'mted  Kingdom.* 

The  onrro*wm  of  cptical  glass  by  moisture  u  *ou- 
sidered  in  DSHD  Report  flOW  This  informrtion  is 
taken  largely  from  a  previously  published  r  port,* 
and  its  review  is  given  Mow. 

H'c Urr  Att+rk  In  ihe  r~r ir r r  of  high  eonren  trail  ana  of 
wsier  rapnr,  Os  mom  Buluhte  uMurtilwonta  of  ihr  gta**  m-gra'c 
to  the  surfaea.  i  the  amount  of  liquid  water  prsnsnl  on  ihe 
■■Hare  is  too  lilUa  to  dmaoira  the  revolting  hydmTwtra  mot 
carbnuetew,  a  deadly  lower  «*'  rry*«al«  ia  farmed.  The  Ina  ia 
tnUMfsuewey  may  he  alight  in  the  -am  of  a  ndn-limr  slim  Ic 
window  gi*a*  that  form*  nealtered  crystal*  of  rimLIe  war,  o r 
the  lorn  mar  be  great  ia  the  eaae  uf  a  load  adtealo  glam  where 
ihe  crystal*  are  annwey-  ia  mac  and  mmv  the  awrfare  r*vw- 
pletoly  Tic  cate  of  dimming  dr  prod*  a*  the  cmapuaiton  of 
the  gUas  Ove  month  of  «pmn«  to  burnt  dity  Mndiona*  of 
thr  type  found  is  a  tmysonl  waiwhow  during  L  *  m»v  men 
vdl  uwo  Iwot  vMNe  cJunmic  g  uf  I**  m  *4  durmxU  glau 
csiipoatwa  and  i  i  iws  he  a*u*t  tin.  Sable  g*M*  ««e|*s 
Mtiuna  In  Utouv  .»  4  M  Mmteed  of  trsti^urral. 

live  United  MU-.lom  Repfut*  grew  the  f*  h  wing 
ronaidwtltott  ‘  <  J  .  i  '  or  dimming  if  i  penal  glaa* 
hy  mo  store. 


in 
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Il»e  polished  surface  Uver  «f  glam  has  some  properties 
differing  Markedly  fr>xn  those  of  the  bulk  of  ih«  gissa.  For 
example,  the  refractive  index  of  the  polished  layer  i*.  in  gen¬ 
eral ,  quite  ojoeuloraldy  higher  than  that  of  the  reet  of  the 
gUas;  further,  the  polished  surface  of  the  glais*  may  hr  itU- 
V**r.y  iiMMlfle  <miu,  .a  (nriioiUr,  esjweially  with  erewn 
id ueee,  froe  alkali  may  be  prevent  in  the  pohsbrvl  surface.  !n 
onsrqueuce,  many  pubahed  nurfac**  ha**  a  natural  affinity 
for  water  and  if  expiaed  to  an  atmosphere-  of  relative  humidity 
50%  and  upward*  will  trnve  a  water  inH  union  in  the  surf  are. 
(In  surh  etmunstaucssi  the  surface  slrctne*!  eondurlivify 
become*  easily  mmauralde, )  The  alt  rarted  water  extraeta  more 
alkali  from  the  glass  aiui  if  the  auriaee  a>  subjected  to  <•<>•- 
dilioo*  involving  a  eyrie  of  varying  humidity,  attceeaaiw 
solution  and  drying-on t  of  alkali  aril]  take  plane,  and  this  mar 
eventually  result  tn  the  formation  of  a  v*kdWe  film.  With  many 
iJamea  thi*  him  m  readily  removable  by  wiping,  but  with  other* 
actual  etching  of  the  surface  take*  {4ace  In  barium  and  flint 
* lawww.  tiie  metallic  oxide  content  of  the  polished  lavrr  is 
higher  than  the  normal  for  the  gkuu  and.  aa  .x  reeutt  of  ex¬ 
posure  to  atmospheric  rendition*.  visible  tarnishing  may 

•  >r. 

Tito  Australian  rp|tort*  refer*  to  tht  mnclHaron*  of 
tnio  investigator  with  reference  to  the  properties  of 
glas*  surfaces  and  their  relationship  1 1  staining  and 
etching.  These  are  ns  follows. 

(a)  AH  silicate  gUmea  are  very  artivearjd  tact  tit  a  fraction 
of  a  minute  with  water,  giving  on  the  aui-fcee  of  the  glare  a 
roOoida)  lay  er  of  silicic  r.cid  a*  a  result  of  hyrir-dyw*  of  silicates; 
the  layer  protect*  the  glam  from  further  <**>  unpins  fine  by 
mater. 

(b)  The  thicknete  of  thie  layer  vatic*  fietwceu  tl  and  HO 
Angstrom  units  (i  A.  V.  —  10  '  cm). 

{«)  The  colloidal  layer  ia  capable  of  absorbing  other  colloidal 
particle*  and  electrolyte*  by  'exchange  abrorytion. '  That  i* 
to  my,  nthalance*  in  the  glass  aurfarv  arc  repla-ed  by  other* 
originally  present  in  tkpiid  in  contact  with  the  suffice.  iVe- 
tumabty  thi*  *  the  cause  <>f  the  al.iiuiig  of  gU>u  caused  when 
weak  acids  arc  left  in  contact  with  the  surface. 

FUining  and  etching  of  glam  surface*  they  may  be  possibly 
canard  a*  follow* : 

(a)  By  the  action  of  acida  auch  aa  are  known  to  tie  xorreted 
by  fungal  cell*  (r.  g.  carbonic,  ritrio,  oxalic).  Some  plant  rrJt.x 
have  the  power  of  absorbing  ion*  from  extremely  dilute  coo- 
sNstratioo*  (energy  necessary  coating  from  the  respiratory 
process),  even  to  the  extent  of  redocibg  the  conductivity  of  the 
wster  around  these  to  that  of  the  purest  'conductml  r  water.' 
If  fungi  also  have  tha  j tower,  mntimted  solution  of  mibstaanex 
from  the  glam  might  occur,  lending  to  read  etching. 

(h)  By  exchange  absorption  of  ion*  between  the  living  rdl 
and  the  glass  surface,  similar  to  that  which  takes  (dace  between 
route  ami  day  {  article*. 

It  i*  evident,  therefore,  that  the  fouling  or  dimming 
of  gins*  hv  moisture  alow  i*  ueitlier  unique  nor  to  be 
imr.xpectod,  ami  that  it  is  the  pio)*>rty  of  the  glaaa 
itself  n-liich  make*  it  partioJurly  luiweptildf  to  foul¬ 
ing  by  moisture  nlutie. 

»J  PROBLEMS  RELAfED  TO  FUNGUS 

The  furegoirtg  section  indicates  the  det*  rioratioo  of 
optical  gU*«  irhicli  re*ulu  from  moiefure  alone,  bnt 


the  quickest  and  the  mod  striking  type  of  deteriora¬ 
tion  of  optical  g*aiw  i*  that  which  nwulta  when  fungi 
grow  on  or  over  (he  glass  surfaces.  When  fungi  are 
present  in  optical  instrument*,  they  are  either  obtain¬ 
ing  nourishment  from  imiterixl*  which  are  a  part  of 
the  instrument  or  from  f  "cign  aulwtsuro'*  inside  the 
instrument*,  »uch  as  dust  or  minute  animals  such  as 
mites.  It  ha*  been  demonstrated* *  dial  under  proper 
moisture  conditions  fungus  spores  which  arc  present 
on  clean  glaaa  surface*  are  nhle  to  give  riac  to  suffi¬ 
cient  mycelium  to  lie  t rmihlewme  hy  using  oulv  the 
stored  food  whirh  is  present  in  the  spore*.  Under  ron- 
d  it  ion*  which  favor  more  {refuse  growth  of  fungi. 
len*e«  or  prisms  may  lieeonw:  oj»aque,  wholly  or  in 
part,  aud  markedly  derreasc  tin  efficiency  of  the. 
in*t  rument. 

The  sou  fee*  of  iiifixtiuii  of  oji.n  al  instrument*  hv 
fiingu*  sjxire*  have  Ihxui  indicalid  in  the  various  ro- 
|Hirts  oil  the  subject.  <hn*  such  amine  i*  infix  tion  dur¬ 
ing  (uwenthly  and  repair.  Fungus  spores  which  gun 
entrance  to  the  mslrnment  during  these  operations 
remain  there  and  give  rise  to  mycelial  growth  when 
condition*  for  t hoi r  germination  lexeme  favorable. 
Another  likely  channel  of  infection  i*  hv  mean*  of 
growth  of  mycelium  Ihrongli  holes  or  luting  of  the 
instrument*.  A  mycelium  which  |*onclralr*  t!ie  instru¬ 
ment  m  this  fashion  in*y  arise  from  spore*  which  are. 
in  the  luting  material*  or  from  *pure*  pre*vi.l  in  m- 
strun  ent  caws.  It  is  |s»ssiM(  for  imeelia  outside  an 
instrument  to  ]«ciietrate  the  iiist rument  through  hole* 
or  crack*  present  in  the  luting  or  hv  digesting  a  paih 
through  the  luting  Karly  olwerv  atnuis  on  inhxdrd  in¬ 
struments  indicated  that  minute  animal*,  particularly 
mites,  might  play  an  ini]H»rtaot  role  in  tin*  infe<*tioii 
of  instnuTwntH.  There  has  Uxui  no  rotnmou  agreement 
with  refereme  to  tlw  *igniftr atwv  of  miles  in  the  infec¬ 
tion  of  opneal  instruments  even  though  this  topic 
ha*  Vmx'ii  widely  di«  n*mx|.*-,>*  ’■* 

1 1  ha*  been  {voiii1e«l  out**  that  some  of  the  fungi 
w  hich  have  charai  ti  risticaliv  Ixwii  found  in  optical 
instrunu nts  prodiuc  a  ix*rtaiu  lv)»e  of  ofMipie  fruiting 
holy  (|terith(xiuin)  which  tnav  have  hern  nuatakenly 
identifie*!  a*  mites,  thereby  ovrrrwipliasinrg  the  sig¬ 
nificance  of  mite*  in  the  infection  of  no.tmionil-  The 
majority  of  those  who  have  *tudi<  1  the  problem 
wonld  concede  that  mit»»  mu  and  do  furnish  a  I  Velv 
soune  of  infeetKi.  hut  on  the  ’>**»*  of  the  report* 
which  have  been  made,  it  reemi  that  more  evidem-e 
i*  noce*«*ry  before  nut's  ran  he  regarded  aa  a  major 
factor  in  the  infertion  of  opti'al  instrument*  by  fungi. 

Much  attrtdion  has  Iwrn  given  to  Uie  fungi  wh  h 
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have  Ikxii  isolated  from  infected  instrument*.  Tin* 
opinion  m  expressed  early  in  the  war  that  tlicw*  fungi 
may  <«>n*i*<t  of  sjN-aal  form*  <>r  jxwse**  spccifcl  prop¬ 
erties  vrlii«  h  would  peculiarly  adapt  them  to  th«*  de¬ 
terioration  of  optica!  instrument*.  However,  a*  more 
information  concerning  the***  causative  organism*  wa* 
obtained,  it  was  almw n  that  the  fungi  invcdml  in  the 
deterioration  of  optical  instruments  ilid  not  represent 
special  type*  nor  did  they  |H»s*ea*  any  special  proper¬ 
ties.  To  l»c  specific,  fungi  wliieli  have  been  isolated  in 
Australian  investigations  ar<  primarily  aperies  of  Aa- 
|M*rgillu«  ami  Penlcillinm.  Of  the  fungi  isolated  from 
infected  iiistnuniMits  rctiirin*d  from  the  Panama  Canal 
Zone,*  tho«e  which  are  judged  to  lie  most  aignificant 
in  the  fouling  of  glass  in  the  Canal  Zone  are  lfonilia 
and  several  sjweiiw  of  lYniciHiuin  and  Aspergillus. 
'Hie  fung'  which  have  been  identified  during  studies 
in  llritish  West  Africa*  as  being  moat  significant  in 
the  infection  of  opt i<-al  instrument*  are  Jf»*iftVi  nito- 
fihila,  , I /tfiergillu.i  ni;/rr.  ami  an  unidentified  s|K*cic*  of 
I Vnicilliiim.  From  the  aliove,  it  ran  Ik*  seen  that  tin- 
fungi  which  are  primarily  involved  are  merely  ‘'the 
weed*  of  the  fungus  world”  and  in  no  sens*  do  they 
4<oii*titntc  any  s|iecial  group  of  organisms. 

RELATIONSHIP  OF  MOISTURE 
PROBLEMS  TO  FUNGUS  PROBLEMS 

The  condition*  nreesMry  for  the  dev  elopnient  of 
fungi  in  optical  instruments’  *  have  1**011  briefly  dis- 
1  nsM.l.  Over  and  almve  the  general  food  requirements 
for  fungi  whidi  have  liecii  mentioned  »l*>ve,  the  p.rin- 
ci|wl  eveutial  requirement  is  that  of  a  rather  high 
relative  humidity.  It  hr*  frequently  boon  stall'd  that 
relative  lmniiditie*  of  appro?. irately  70  per  cent  or 
higher  are  necessary  in  order  for  growth  of  fuugi  to 
«Hs*ur  It  i*  obvious,  therefore,  that  if  the  moiititre 
eond.it  in**  within  optical  iusvnii’.icnts  can  l>e  con- 
t  ml  led  so  that  relative  hHiniditue  of  70  per  cent  or 
higher  would  never  be  attained,  most  fungus  problems 
would  ulso  la*  controlled  Initially  aitd  tliroughort 
ns»*t  of  World  War  II,  however,  investigation*  on  the 
prevention  of  deterioration  of  optical  instruments 
hsu  1-eo'i  organize*!  primarily  around  the  control  of 
fungus.  At  the  outset,  fungn*  prohhms  wer**  most 
easily  detected  and  mon*  sja-'tacular  and.  furthermore, 
d milage  a*  the  rcoili  of  fungus  aetmn  Us*  me  more 
wrinn*  in  a  shorter  period  of  time. 

It  is  certainly  conceivable  that  instance*  of  moisture 
dinner  «u«h  as  fogging  or  filming  ran  oc«ur  without 


fnngiia  fouling.  These  effect*  may  Ik*  temporary.  IVr 
example.  ex|*>*od  instrument*,  having  lsccu  subjected 
tn  heavy  condensation  during  periods  of  low  tempera¬ 
ture  in  humid  tmpicjl  area*,  would  have  abundant 
condensed  water  on  internal  optical  surface*,  making 
the  instrument  completely  unusable  uutil  that  water 
had  vaporized  wliev  the  temperature  within  the  instru¬ 
ment  was  raised.  Moisture  effects  such  as  fogging  or 
filming  fxmld  also  occur  without  fungus  fouling. 
Table  7  of  OSItl)  Report  4MH*  summarizes  the  in¬ 
cidence  of  fngging  and  fungus  inflation  a*  well  as 
other  characteristic*  for  experiment**!  binocular* 
which  were  exposed  for  the  most  |>art  >0  Panama. 
Uoinnteiit  on  the  figging  of  fungicidally  treated  in¬ 
struments  will  he  made  later.  These  data  illustrate 
that  altlmngh  fogging  and  filming  may  occur  without 
fniigu*  infection,  they  arc  mole  generally  accoiu)vauird 
hv  it.  This  v»'as  particnlarlv  true  of  untreated  instni- 
inents  wliieli  wore  used  as  controls. 

x«.i  Mouturc  Accumulation  by 
Optical  Instrument* 

Vide**  special  precautiona  of  aecling  or  dedication 
of  optica!  instrument*  air  taken,  the  design  and  con¬ 
struction  of  tin*  instruments  is  of  mcli  a  nature  as  to 
lead  to  an  accumulation  of  moisture  within  tlx  instru¬ 
ment  in  humid  tropical  arena  where  tic  re  ia  a  marked 
tciii|K*rati!re  differential  bvrtsecn  days  and  nights. 
High  tem|K*ratnre*  during  the  day  expand  the  air 
within  instruments  and  forte  it  out  through  small 
|K)n*s  or  apoitim**.  When  the  tcn»|*  ratine  fall*,  nn»-- 
tnre-laden  *ir  is  drawn  into  the  iustrnment.  Dunng 
subsequent  “breathing”  of  tV  instrument  as  a  rtvnlt 
of  marked  fluctuation*  in  trni|K*ratnre,  moisture  is 
not  removed  from  within  the  instrument  111  tlie  egress 
of  air  under  high-tempcrature  condition*.  Su*  h  an 
arrumnlarinn  of  moisture  provides  fung  u  sporea  or 
filaments  with  sufficient  noistura  to  satisfy  tit* i r 
growth  requirement*.  Diffsmt  type*  of  optical  in- 
stniMcnts  have  common  features  of  design  which  p*e 
rise  tn  such  breathin'.  AlTiiraigh  tlie  cmpl  a*.«  111  tlx* 
program  was  placed  u.  the  vlctcrioration  of  Lin«*u- 
lars,  it  sltonlil  net  hr  interpreted  that  o titer  tyjs*  of 
optual  instruments  arc  not  subject  to  mo>»tnre  and 
fniigu*  d  teriomtioii.  Among  iluwe  whi-h  liave  Ken 
reported  in  OSRU  Report  4118  as  allowing  fu»-gn« 
sputing  during  Ik  Id  •  finer*  a  turn*  *n  I’ana  na  are  •  •♦»- 
*er  ition  and  dire*  tor  triescope*.  range  Wndera, 
height  finders,  and  camera* 

Mine  optual  instrument*  are  »««<■••]>(  1  >!<■  to  the 
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efftect*  of  moisture*.  once  moist  ire  makes  ingress.  an 
idf*u!  environment  «*  crml/il  for  1 1  u*  rapid  develop- 
incut  and  acriou*  consequences  of  fungna  growth.  It 
may  lx?  reasoned  tlmt  absolute  control  against  tlic 
rut  ranee  of  moisture  would  have  been  a  more  fnmla- 
luditnl  approach  than  control  of  f  lingua,  but  'lie  fact 
cannot  l»e  disregarded  that  the  controls  against  t  nigus 
which  hate  b*vn  developed  l»avc  greatly  extruded  the 
service  life  of  instrument*. 

J*  CONTROL  MEASURES 

JS  1  Grneral  Considerations 

In  the  foicgoing,  the  |iroblom  of  deterioration  of 
nptiial  instrument*  Ini',  been  et.tcd  iis  it  has  'em 
iiisnali^“»l  in  the  1’niteil  State*  and  Alli**d  muntiic*. 
Ui-fercme  has  Ix-en  nimlc  to  the  more  jinixirtaiit  re¬ 
port*  fi'oiii  these  source**  to  illustrate  specific  |x>inU 
of  view  and  the  emphasis  ami  trends  of  the  programs 
in  the  respective  countries.  It  should  ’s'  borne  in  miud 
tit t  Australian,  Itritisli,  and  United  State*  work  has 
l«*on  bast'd  upon  field  exposure*  in  different  tropical 
regions  There  is  no  particular  reason  to  believe  that 
the  field  conditions  in  them*  regions  are  so  marked  in 
their  difference*  that  they  aignifictmtlv  affect  the  eval¬ 
uation  of  the  contrasting  method*  of  protection  wliiih 
have  lieen  developed.  As  will  lx*  pointed  out,  the  most 
striking  diirerence  in  results  hns  twrii  obtained  from 
(lie  ex]KN.nrt*  of  iintnuiieuts  treated  witii  Merthiosal 
iit  Ne-.r  (hiiiea  and  I'miania.  New  tlninea  ex|x>snres 
show  that  Mcrthioaal  give*  good  pretention  again  at 
fungi  whereas  Panama  explore*  show  that  Merthio- 
sal-tre-atcd  instruments  were  leas  vatisfaetory  than  in¬ 
struments  treated  with  other  fungicides  Such  con- 
trnsting  performances  can  perhaps  b*  explained  bv 
differences  in  materials  and  their  application,  or  by 
differences  in  test  instruments  rather  than  by  exposure 
in  different  geographical  regions.  Thii  seem*  to  era- 
plia-izc  tin-  lcsirabilitr  of  a  testing  program  in  which 
e  omr**  niMe  specimens  would  l>e  i  xjxvsed  in  different 
irojjiciii  area*.  Such  a  program  would  certainly  sene 
is  an  adequate  basis  for  evaluating  the  different  con¬ 
trol  measures  which  liavc  lx-en  proposed,  Knrthe’rmnre, 
sii cli  a  program  would  indiiatc  the  significance,  if 
any,  of  local  or  regional  rhtiunu  difference*. 

In  the  following  s/s t ions  further  reference  will  l«e 
made  to  results  of  Allied  investigation.  hut  the  prin¬ 
cipal  emphasi*  will  lx*  given  to  the  org  nixstion  and 
results  i.f  the  program  as  earn'd  forward  by  TPAC* 


ami  NPIM  Scciion  Hi. i  wliiih  conducted  the  early 
investigation*. 

zil  Sanitation  Method* 

Among  the  |x>*sible  inetluxl*  for  controlling  the  .U- 
tcrioiatioii  of  opticid  instrument*  arc  tlnwr  which  nro 
indicateil  unde  r  the  hewding  "S.iniljtlioii  Method*”  in 
GSI1D  Report  4118.*  These  an*  aimed  at  the  elimina¬ 
tion  of  nil  material*  wbiili  would  stree  ns  source*  of 
hx>d  for  fungi  mid  would  include  the  diminution  of 
inflation  during  factory  as-cnd'lv  and  during  renm- 
ditioning  ami  repair.  Tnenforc,  if  <i  rk  or  pajx  r  pads 
are  nml  in  instrument*  they  should  '»  treated  with 
a  suitable  fungicide.  Likewise,  the  leather  wlmli  is 
used  in  eases,  straps,  etc.,  should  lx*  given  fuugii  ielid 
pniteetion.  Among  the  effective  fniigu  idc>  recoin 
mended  for  tin*  pitr|H*e  arc  sT'eylanilid"  as  indicated 
in  Tentative  Spe<  ification  A\S-Hlfi  Ordiianrv  !><• 
paitnient,  1’.  S.  Army,  (varan  it  ropheno]  iccnm  mein  led 
by  many  invest igatois.  sin!  trrpin<*i>l  wliiih  proved 
sinuxesful  in  West  Africa  field  trial*.111 

It  lias  lioen  inneli  ilclmtisl  a*  to  whether  ((r  not 
leather  is  actually  harmed  or  deteriorated  by  fiingn* 
growth.  That  particular  question  d.***  not  enter  into 
these  eonsidcralioits.  leather  binex-ular  eas«**  which 
are  heavily  fvingits  infested  provide  a  leadv  means  of 
contaminating  the  instMiMcnl*  ibiinwhe*  f*nive-*ful 
attempts  have  Wen  made  to  eliminate  this  tmurco  of 
iufectiem  !»y  the  siiliwtitutmu  of  |ihu>tic  i-ases  f* >r  the 
standard  leather  carrying  eases.1 

In  the  cleaning  amt  reqwiriVg  of  infected  instru¬ 
ments.  it  is  highly  important  ti  ~vnnvc  all  trace'*  of 
fungus  growth  not  only  from  the  pnams  am.  lenses, 
but  from  tKe  metal  as  well.  For  tnis  p.iqxise.  ethyl 
alcohol  and  a  stiff  bristle  brush  can  be  iwl,  Tlx  action 
of  the  aieoliol  is  to  kill  all  nv'dual  spires  and  all  fila- 
m/'nl*  are  r/  umvcl  by  the  brush.  If  lcn*c*  n«sel  t  >  K> 
i  leaned,  lens  paper  ilipfxxl  in  abided  will  usually 
s*  flicc.  More  refilled  nirthuls  for  cleaning  optical  in¬ 
struments  however,  have  lain  gi*di  11  If  slight  rteh- 
ing  is  jvreM  iii  mi  optie^il  t*rf*n'*,  it  nuir  l»e  rera  >'rd 
b>  tlvc  use  e»f  rouge  TTve  us<*  of  oil  as  a  htediuw  for 
muge  |x>litJiii)g  should  U>  avonhil ,  if  tin  oil  gets  on 
metal,  it  tnai  re«l»-tiH  on  the  optical  a*irfa  « 

When  optical  iii*tniinciits  are  *runv|  am)  repaired 
un*|er  fir  Id  /iticiiti  <ns  it  i»  «dy  with  g'rat  ’iffireliy 
that  the  instrument  ran  ’•*  kept  f<n  fr-»n*  fsnrm 
s]aire*.  This  wa«  recogsi*^!  by  the  \nstra  'Bins  and 
attempts  were  made  to  tlris|o|i  r  stho's  s(  tr.atsug  or 
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sterilizing  interior*  of  instruments  after  assembly.* 
Then**  inethmh  -bowed  mi iiii<»  initial  promise,  but  they 
were  eventually  ilionr  led.  Tliere  ia  no  question  l»»if 
that  ideal  mutlitiima  fur  assembly  and  r«'|iairol  matrn- 
ii  14' 1 1 1 a  in  opi  rational  areas  would  Ik*  air-cntiditioiieil 
workaliojM  and  lalsiratwricw  employing  met  hod  a  such 
a*  those  uacd  in  lartory  i«hcihMt. 

3iJ  Dchuruidifkaiion  and  Sealing 

1)<  Imiiiidificaturo  r<  |ir»u^;iU  another  MpiiruMch  to 
tin*  deterioration-control  problem  in  optical  instru¬ 
ments.  This  is  ideally  mx-mnplishcd  liy  completely 
waling  the  instrument  iu  an  atmosphere  of  sufficiently 
low  relative  humidity  to  exclude  the  moidure  required 
to  support  the  growth  of  fungi.  In  a  well-sealed  in¬ 
strument  the  low  relative  humidity  within  the  instru¬ 
ment  should  Ik*  maintained  «ince  moist  h  re-laden  air 
eanuot  have  acres*  to  the  interior  of  tl»e  instrument. 
This  preseu ts  no  problem  in  large  instruments  which 
are  well  enough  waled  to  hold  gas  under  prtiaurc. 
The  use  of  silica  gel  as  >i  dehj'drating  agent  has  Iwen 
aiioeosslnl  in  many  instruments,  hut  details  for  ita 
general  usage  are  still  to  Is-  worked  out. 

The  major  problem  in  maintaining  a  low  relative 
humidity  occur*  with  those  ;ii'lruns'nts  which  are 
designed  to  he  sealo)  with  a  putty-like  pi-rajiound. 
Such  i'orfl|Knnnla  as  have  hern  aw  d  varv  widely  in 
tlioir  poqierties  and  degree  of  offev  tire  ness,  t'ornpound 
F.Xft  7<9  has  tioni  generalh  the  moat  widely  used  and 
the  best,  Imt  its  perfunuame  ha*  indicated  that  it  ia 
far  from  ideal.  Satisfy  ton  scaling  id  fm  using  i\te- 
pieec*  has  Iwen  olita inis’  with  waterprvs.f  greases. 

CoO'M«;:ble  work  has  lawn  dirocfiM  toward  devel¬ 
opment  of  ne»  i*vd  mure  satisfactory  sealing  com¬ 
pounds.  Three  investigations  arc  dewirds'il  in  OSltD 
Report  ."ififA-t ,*•  issued  by  THAT.  The  requirement* 
which  a  satislaetorv  seating  compound  sl*oul  l  fulfill 
are  given  in  OSRP  Itqw»rt  C0.*>5/  as  follow*. 

1.  Il  sltowlii  show  emeleat  -dhrwwia  U>  wi.i  mwJ 

to  (Isa.  This  adhesion  should  be  remaned  atmr  long  *a»Ng 
1  Th*  1  *>  T  1  rad  dwsdd  de—msdH  a^dwl  wtwsmee 

*^3  iv  e-lula  «■*»>  draald  be  fcataw  ■»*»  * 

4.  The  sfcuotd  rv.i  tt«e  4  tt*  "ww  »ee*tii  t»4.r» 

iao*F 

3  At  —aO*F  it  show) d  not  Herman*  wittl*.  Ilaaror,  any 
roes  pound  night  H*  a*eep4aW*  which  bnass  brittle  »»  thn 
teeificnltn  provided  it*  pnfwtia*  of  whose  ssd  sdh— u* 
were  promptly  restored  when  I  hr  •»«■*»  -  »*• -s»snt 

a  It  shaodd  I*  wdy  applied  botl  •*  th*  wreihty  ho*,  n 
th*  afitwwl  repair  shop  aed  hi  the  iwdd 

7  It  ahnwM  he  f«  —slits  Hi  tor  the  ...-.--i  mhel  the 
W  temly  of  hrotswg  the  wdswo  to  ho  woh*1. 


8.  It  should  e  os  tain  no  constituent*  which  might  voirtiltM 
and  mils  till  upon  glass  surfaces  with  tbo  production  of  *  wum 
over  Ihoec  surface*. 

0.  Il  should  not  support  fnagioi  growth.  If  it  eta*,  thin 
quality  should  Is*  .wmrdicd  by  the  appiscatioa  of  a  f»i>5^ridc. 

10.  1 1  should  not  bo  water  soluble  or  water  ptnueabia- 

11.  I- port  aging,  the  compound  should  not  muyvlAe  or  arwck 
a*  a  result  of  dryiag  out. 

In  the  laboratory  investigation*  ou  sealing  c*ora- 
pninds,  nine  cotrtinerci i!  prrparatitms  were  (*#ated  and 
all  of  mem  wore  iiiiHatulactory  on  the  haris  of  one  or 
more  torts  to  determine  their  all-arou’x)  titTJess  for 

•  *  nlil  lAal  Ml  ♦  *H  •  war  *-»>  t  *  J  ••  .  •  .  1  .1  •*  •  Am  hM*«  ^  ^  «s.t«s 

•  so*  •  | •  *  •  •  040  MO***  UM»-.  SSMT)  *  a*  gKItMOIXSS)  U»%  •  t  P  •*«.>* 

formulation*  were  subjected  to  a  aeru*  cf  ftindinier-ht! 
tests.  Many  of  these  were  diaeardml  hut  the  mint  prom¬ 
ising  mi  the  fund*  of  tlusK  preliminary  trial*  wa*  suh- 
mittnl  to  iq>tic*l  laWatoriw  hrr  further  cv*liiatk>n. 
Tlie  most  promising  compound  has  tin?  following 
fonmdatioii : 

l>*re\  tliennoplast  XTP-dt‘2  COO  granu 

t  IVuev  4  A! my  Chemical  Co.) 

Dare*  thcrnn'plHSt  STT-378  Ct>0  gram* 

(Ih-'  ev  k  ,'l.iiv  Chemicsl  t’o.) 

idim»ervsnil|itn'  Max  No.  2.110  120  grains 

(Son  ny  \  aeimm  t’n  ) 

l’araiutrophcnol  13  grams 

On  the  Imais  of  tin-  overall  iKTfomunire  of  tbia 
cotii|H>und  as  mxodeil  in  0SRU  RojKirt  SfiSl,"  leaned 
by  THAI’,  it  adequately  meet*  the  rcquirvippiit*  nee* 
cssarv  for  *-fTV  .cut  jierforinaiuv  <»f  a  sealing  material. 
Die  oulv  as|KTla  unfs'erahh*  tn  its  h.h*  were  tlnsie  {wr- 
taining  tn  lie  ati«  kuiees  and  *triiigiue*«,  |Hirtii  nlaily 
in  i  leaning  off  e\iv*si\e  amounts  alter  application  and 
its  irmmal  during  the  «]i*aas<  uit-ly  of  in  -truavtnts  in 
alnrh  it  a*-  need.  llnweuT.  *>  it  is  pointnl  uni  iu  tlw 
rejiort.  so  f„r  as  is  known,  it  iv  virtually  impossible  to 
attain  tlie  I'wteutiat  ehaiai  tcrist  ris  of  adlteaioti  and 
coliesiou  cxix'jit  liy  use  of  a  i>oni|>iimiri  which  would  l*e 
.♦ticky  aud  stringy  under  theae  sane  eirennistaners. 

*'s*  lni|»roxcd  Storage  Condition* 

Many  nlsw  r vat  ions  of  optical  inMruntents  in  storage 
ahph  have  Lpn  rr|vorted*  indicate  that  th*  fungaa 
problem  i«  rf  significance  during  storage  ami  prevail 
tiuaa  muat  !*•  t*k<n  agalt-at  it.  (bnerallr,  wb  re  kn- 
nudity  t*  high  fungu  i*  fwnnd,  and  r»»ovcnw*ly.  where 
hiimiditv  ia  coatroUnl  by  air  ronditionine,  fungus 
prea*  t«  little  or  no  problem.  It  is  therefo.w  obricus 
that  a  rswndit  wwhI  storage  space  is  highly  detirabk. 
This  H*ar  w*U  he  pc  ti  *1  at  large  hasr«  o  ia  w*r* 
hou*  w  w  h-  y*  the  recrwssry  fa  it  ties  ev*i  bail  at  mil- 
post*  aa  entirely  d**erent  "tawlion  »*  preamb*  f»r 
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sufp  storage  df  email  quantities  of  imdnimanU  ut  such 
o\n|XN«1*,  u  |x»rtuMo  dry  chest  ill  which  a  low  rclalive 
humidity  is  maintained  hy  mem  is  of  a  lighted  electric 
lump  hns  lx'cii  describoil.1*  Likewise,  nonportable  dry 
i  host.*  can  lw  readily  const  meted.1 

Problems  .umieoted  with  the  long-time  storage  of 
optical  insf  rtiiicnt*  could  probably  l*e  eliminated  with 
tin:  use  of  mir-conditioiied  faiilitica.  It  is  Kincoivablr. 
however,  that  individual  metal  ixmtaincrx  which  were 
dehydrated  or  filltwl  with  an  inert  gas  such  aa  nitrogen 
would  lie  lx1  tier  front  certain  eccaidemtious.  It  10 
understood  that  crmsidprgbk  investigation  and  appli- 
ealion  of  this  gem  ral  method  of  lung-time  storage  has 
U*en  uitdci  taken  hv  tin?  Amy  and  Navy.  Another 
approach  to  these  problems  which  merits  further  con¬ 
sideration  i«  the  use  of  strippulde  films,  either  of  the 
hot -dip  or  sprayahle  sort.  Initial  results  of  h  promising 
nature  were  nhta’iicd  liy  exiieriinoiitnl  application* 
of  a  hot-dip  roiniXKntd,  but  after  IS  niontnV  exjmsure 
to  drastic  jungle  conditions,  it  was  indicated  that  the 
compound  tried  was  not  thoroughly  satisfactory.  This 
general  method,  particularly  the  use  of  such  films 
which  can  bo  applied  hy  spraying,  lias  Uvn  wiiHv 
u-ed  on  all  other  kind*  of  equipment  and  its  applica¬ 
bility  should  lie  investigated  further  with  icfemice 
tn  both  large  aud  small  models  of  ojvtieal  instruments. 

*'SJ  Clicmicil  Control 

Of  the  various  appmaihc*  to  the  problem  of  fun¬ 
gus  control  in  optical  instruments,  control  chem¬ 
ical  mean*  lot*  U't-n  given  nn*«t  attention.  Various 
,  liwiieal  m<  lln«da  of  contrul  have  Ix?ch  recommended 
and  if  these  alone  were  n*cd  thcra  would  no  donut 
l*e  a  material  increase  in  the  seniee  life  of  (lie  iiotru- 
Tiienta  to  which  they  were  applied.  However,  it  was 
never  assumed  tint  these  chemical  nietl*od»  would  l»y 
tbrmsel'ca  solve  the  problem.  The  la*st  results  from 
olTcitive  metliod*  of  rhemi.nl  treat rnenia  can  !*•  ob¬ 
tained  only  when  they  are  used  in  conjunction  with 
methods  di  reeled  tn  prevent  di  tt  riorati  >n  by  tutninrv 
alone.  Kurtlierumr  .  good  scaling  of  nntnime”!* 
would  pmPmg  the  effective  |w>rind  of  a  chemical  Peal- 
mont  Methods  of  chemical  control  have  liceft  directed 
to  the  control  nf  initra  a/  w  dl  (h«  the  contral  of  fungi.  \ 
(Mi  the  haais  that  control  of  miles  would  r«-nder  infer- 
thin  less  likely. 

IflQI’lMtWKNT"  OK  ( ‘oKTTK'L  CllKM  (  U.S 

Tlie  requirement.*  which  «-ioi*ld  be  hy  rUrmi.w! 
used  for  tlte  ivntnd  of  mite*  and  fungi  in  optical  in¬ 


strument*  have  Inn-ii  given  a-  follow*.* 

1.  tl  slioold  prevent  all  iuugus  devrl<>|xnent  in  an  insiru- 
■*  at. 

'•!.  ft  should  krep  an  instrument  free  of  miler 

A  it  should  he  sullicieatly  Issting  to  protect  au  instrument 
for  many  months. 

4.  tt  should  no!  aervterate  the  normal  nmislurc  eornmio. 
metals  used  in  upticai  instruuwiilH. 

5.  tl  should  m>t  inm-nsc  the  fugging  normally  resulting 
from  moisture  in  most  updoal  instrument*  in  humid  trotacs, 

8.  It  should  not  barm  the  finishes  corjimonly  em]4nyed  on 
the  surfaces  of  ojilica!  inxl  rumen  Is. 

7.  It  should  wit  harm  the  cements  used  for  sealing  r»mii>ouiid 
lenses. 

>  tt.  lt  should  prswent  no  health  liasard  lo  those  employing 

Valp  |tsii^u.XMo 

Tat  \TM r.sr  ok  (Iliss  Spiikack 

Kxlwrimciital  ti  catineut  ><f  g!H.*s  Mirfa<^>  with  inor¬ 
ganic  salt*  or  nonvolatile  fungicides  has  not  proven 
entirely  successful.  The  at'euipt  to  ini’  lluonde*  which 
arc  known  to  Is-  enzyme  piisoiis  did  not  prevent  the 
growth  and  development  of  fungi  in  Austrrd'an  e\- 
Jx•ril^K*n^a.,  i'aiwru  lenses  with  a  hard  fluoride  coating 
Imvc  lawn  rrportn!  t'»  show  heavy  fungus  growth  and 
even  etching  thiotiglr  the  hard  xurfai".  'I  lie  gerniina- 
tion  of  fungus  spore,  can  apparently  Ite  controlled  hy 
certain  treutlinnts.  i  Xeept  when  initiation  is  gsitied 
from  such  sources  as  i  liles  win  *li  crawl  upon  the  glm* 
surface  and  die.  Another  apprmirli  w'lirh  !ik<>  h»vn 
made  in  ibis  a.peit  of  chciunal  control  ha*  involved 
the  iiK’irjaitation  of  fungicidal  materials  in  antifog- 
gmg  siihsinm-e*  w|ii<li  reduce  surface  tensions.  Knlli- 
cient  promise  to  warrant  further  investigation  of  this 
asjss  t  of  control  has  l»eeii  obtained  by  in. or|s>rattng 
K.s-cal  (high  molecular  alkyWnrietlivl-lwnzy'  ammo- 
n>uin  chlorides  I  to  the  extent  of  ."iO  |>cr  <xM  in  an 
antifogging  roiii|a>wRd  applicl  to  lens  snrfaixs  Them* 
treated  it  »t rinnents  have  reinaimd  p^rfcwtly  clean 
after  exjiosore  for  over  a  year  in  Panama  a  lull  all 
untreated  control*  have  lx-conie  liadlv  iisfected.'* 

Ml  RTHK.axi.  Tkkximi  \t 

Prev  iou-  irfrnmee  ha*  lawn  im.de  tn  tl*.  im-  i  f 
Mcrthi*>s«l  (r*imui  ctliy'iricr-iirt  thiosr lirylatr )  in 
Australia  f<.r  rlienii.'al  isw*tr«d  «f  deteru  r’ tr  w  of  nj»- 
t •- -ml  iii«tniinent*.*  Ib-'t>imn«wulatinm  for  it*  os  >  were 
made  after  ivtniavs  invcwtiEstnm*  4a>wH  that  It 

wives}  to  (%«trx-!  fur."  ..«wth,  T  ■  t» -gat**** 
t  ( laded  liutli  lalmrut.  y  j"'i  *n*  and  Vew  t«nt  •-% 
field  iipsuin-  tr»t'  Tl*(  'flpi'n’l  i*  m- 

-ti  mien  -  ii>  •  l*.1!^  wt;.*  w!,i  h  t‘  *  -m<  p  r  r^ta 

•Thai  rojsf*  *a*t  »  reVrsol  to  in  r>-s»s>l  tis'o  **  rr^wla 

as  MTb  (aatl  aw>  **">. 
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»tirfu<x*,  cork,  and  other  mat  rial#  are  printed,  and 
■a  mixed  with  i-inent#  ami  luting  irut  rial*.  From  ex- 
]ieriHieiitk  to  determine  the  cfl-.it  rf  Mertkirual  on 
tr.itca  it  was  apparent  that  the  cnuiponnd  did  not 
f mu  t ion  a*  a  mite  repellent,  hut  evidence  waa  ohtaini-d 
that  the  compound  will  kill  mites  and  reduce  their 
inuulxr*  inside  instrument#.  It  was  also  noticed  tlu»l 
fungxi#  sport*  present  on  the  dead  bodice  ■>/  mites  did 
not  develop.  The  general  remit#  of  testa  to  determirc 
the  corrosive  ttndencio*  of  Mertbiueal  when  used  with 
ware**,  greases,  or  lacquers  iintieamt  ttiat  jir.rtnioaa: 
did  not  j»  fleet  tin?  protective  jiower  of  paint  in  a  2 
|s  r  eent  concentration,  nor  did  it  accelerate?  metallic 
corrosion. 

t'untrasting  result?  were  obtained  with  Mere  eal- 
aitd  Cro*at:n-lrvat<*l  invtnirneiita  with  referenc  to 
the  prevention  nf  fungue  growth,  the  m-eelcrution  of 
corrosion,  and  the  ability  to  repel  mites.  The  differ- 
enoe  betwteu  the  perfe*mt.>LO  of  ilrrihiosul  iu  Pan¬ 
ama  and  Auslr-bn  may  well  be  due  to  flight  differ¬ 
ences  in  application  the  materials  used,  as  line  been 
frtggoted.  The  nature  and  construction  of  the  test 
instruments  may  also  l*e  r,n  important,  factor,  par¬ 
ticularly  in  regard  to  the  quality  of  the  seal  which 
ran  V  made.*  Further  eoinjiarisong  are  m-ceMary  in 
order  to  determine  the  reasous  for  the  discrepancy. 

Two  of  the  matcriala  bv  n  thee  i  red  in  Australian 
laboratories  and  cloaely  relstwl  to  Mertlii<*?al  have 
given  more  satisfactory  re«ulti  in  I’anama  tret*.  The** 
material*  are  n-hntyi  (ethy  lniornm)  ihinsaJtcylate 
an  )  methyl  (ethylinerouri)  thtosalkvlat.  They  have 
both  protected  binocular#  against  fungus  inf  d  on 
for  u  (i-rio-1  of  eight  jnnutlis,  but  the  mctlr-’  .mva- 
Luc  has  induced  considerable  ranw'oii  of  aluminum. 

(  BICSATiK  ThK.VTMI..STH 

Til  wntreat  to  the  uac  erf  Herthioril  by  Anstralia 
in  clvetnifil  control  of  fungna,  C  rear  tin  (metacresyl 
■ux'tate)  hxf  been  widely  used  in  Hre  United  States. 
The  mtIy  field  evjwrimenta*  which  led  to  recommen¬ 
dations  for  it*  use  h»ve  Wn  d«cril*ed.  S|»ecific  reo- 
onimrndationa  for  its  me  hare  Ih-co  made1*  and  a  mom 
nniplcte  ispor**'*  of  tl*  cxj-eriuiental  program,  j»ar* 
tinilarly  the  remit*  of  long-time  cvpoatm*  testa,  haa 
Wti  given.  In  o  ly  laboratory  test*  Cresatin  showed 
promise  over  many  oilier  compounds,  and  aa  a  rreult 
Hie  flel  I  program  in  T’aram*  was  a.  t  up.  The  result* 
of  these  exp*  jre  tests  have  served  to  alrengthcik  and 
r-nfirm  tbs  early  lalwrstorv  rvsult*.  Viriow  methods 
nf  applying  t 'resatin  in  optical  instrumciiV  have  been 


reported.  The  most  proniKing  method  nni&ists  of  in¬ 
corporating  Creaatin  into  ethyl  cellulose  to  make  a 
solid  taffy-like  block.  The  initial  concentration  of 
fungicide  used  in  ti»e  mixture  was  2.1  per  cent.  In  an 
instrument,  the  block  was  fastened  to  the  inner  sur¬ 
face  >,{  the  nvtal  covaring  plate  with  an  adhesive.  Aa 
a  resuh  of  further  investigations  similar  t'resatiu- 
ethyl  cellulose  mixtures,  containing  50  per  cent  of 
the  fungicide,  were  applied  in  aluminum  capsules 
which  were  affixed  to  covering  plates  with  cemtr  t 
after  the  mpsnte  ends  were  crimper!.  T*m  lugtier  con¬ 
centration  gives  a  greater  reservoir  of  the  fungicide 
and  enables  a  treatment  to  last  for  a  longer  ]>eriod 
My  cmnping  »hc  ends  of  t)»e  ca| suites  only  aiaall  pores 
which  pern  it  a  gradual  recii|*c  of  the  fnngic-ide  re¬ 
main.  I>ctai'*  of  the  use  of  these  capsules  iu  various 
types  of  optical  instruments  are  given  in  OSRD  lie- 
port  3803.”  A  1915  reiiort'*  indicates  that  Cresatin 
luia  kept  binocular*  free  of  fungus  and  mites  in  Pan¬ 
ama  exposure*  fur  21  months.  The  earlv  exploratory 
laboratory  tests  rn^ril  tout  1.' resat  in  both  kills  and 
repels  mite*. 

A  quantity  of  500,000  fwng’cblal  ('rreulin  raosulre 
were  procured  hv  Frank  ford  Arsenal  and  distributed 
lliroughont  the  Pacific  area  for  application  to  instru¬ 
ment#  during  servicing  and  repair. 

Considerable  attention  was  direct*-!  toward  the  pos¬ 
sible  corrosive  action  of  f’rcrntin.  Upon  hydrolysis  of 
the  compound,  acetic  acid  is  formed  which  will  in¬ 
crease  the  normal  moisture  com-Hon  of  brass,  steel, 
line,  and  aluminum.  This  possibility  has  lieeii  freely 
discussed  and  ojienly  considered  in  re|x»rta  which  have 
been  made  on  the  vise  of  t’rpsatin  in  optical  iustni- 
/llenL,,•,•,4  Moal  of  the  ®bje«  t,bin*  to  tin-  use  of  t’rcs- 
atin  «n  these  grown  ‘a  were  raised  before  the  alumi¬ 
nium  apdule  method  of  application  wa#  developed. 
With  the  inclusion  of  the  Cresatin-ethyl  (vlluloae  com- 
puund  in  the  aluminum  capsule*  the  possibility  of  cor¬ 
rosion  of  metal*  by  the  fungicide  was  greatly  reduced. 
Field  oWrvations  confirmed  klx-rstory  lost*  which 
showed  thsl  normal  moisture  corrosion  of  treateil  in¬ 
struments  i#  no  more  severe  than  if  instrument*  arc 
untreated  and  in  many  caeca  lew  severe.  Investigations 
at  Frank  ford  Arsenal11  showed  that  t'reaatin  in  a 
1/10,000  concentration  at  104  F  and  saturated  hu¬ 
midity  h*.  not  harm  metal*  and  finishes  need  in 
optica!  i  net  rank  nta.  In  many  instances  where  cor¬ 
rosion  lias  Urn  observed  in  field  exposure  of  t'rssatin- 
treated  instruments,  there  were  indicationa  that  this 
corrosion  resulted  because  t'reaatin  was  applird  in 
excessive  quantities  ami  in  aueii  a  manner  that  electro- 
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lytic  action  on  metal*  resulted.  Among  the  instances 
wlieiv  corroaiou  of  experimentally  treated  instrument* 
wa»  observed  in  field  exposure  this  corrosion  waa  no 
greater  than  that  present  in  untreated  instruments 
and,  furthermore,  the  treated  instrument*  remained 
usable  long  after  iu*>#t  of  the  untreated  control*  had 
l<eci>n»e  badly  fungus  fouled.  United  Kingdom  rec¬ 
ommendations4  stated  tltat  a  &5  per  cent  concentration 
of  Ureeatin  in  ethyl  cellulose  give*  no  serious  corroeion 
in  optu-al  instruments.  Thi*  eonccatrstion  ia  not  aa 
hi*h  aa  that  recommended  in  the  iatcr  work  of  TuAC, 
but  the  higher  concentration  (50  j<er  rent  Cresatin  1 
has  proven  to  lie  thoro uglily  satisfactory  iu  short -time 
experiment*.  Only  long-time  teals  which  adequately 
evaluate  fungus  protection  against  jawsible  corrosion 
will  determine  the  limits  within  which  Cresatin  can 
be  naxi  to  rontrol  the  fungus  fouling  of  optical  in¬ 
struments. 

Other  jKwible  objections  to  the  uac  of  Cresatin  have 
been  indicated.  Excessive  <'onmitraiion8  of  the  fungi¬ 
cide  may  prove  deleterious  as  a  result  of  the  solvent 
action  on  lens  cements,  since  those  commonly  used 
arc  soluble  in  Cresatin.  Only  one  instance  of  thi*  diffi¬ 
culty  was  encountered  in  the  numerous  trial  treat¬ 
ments  at  the  University  of  Pennsylvania  and  in  Pan¬ 
ama,  but  an  excessive  eoncentretiou  of  CrcMtin  vapor 
wns  uaed.  Laboratory  jxpoeurea  at  Frankford  Ar¬ 
se  nil’1  and  in  England1*  have  ii  dicated  that  lens  and 
priam  cements  are  affected  l»v  Crouatin.  A  possible 
method  of  eliminating  such  effects  ia  hy  five  appli¬ 
cation  of  films  of  polyvinyl  id  enc  chloride  to  the  edge* 
of  leases. 

Than  its  Treatmknts 

Tliere  wa*  developed  aa  a  result  of  other  investiga¬ 
tions  a  method  of  treating  optical  instrument  a  based 
on  the  use  of  a  contact  fungicide  and  mite  repellent.1’ 
It  was  nsnvliicd  that  this  would  be  useful  primarily 
to  Reid  service  repair  men  and  for  instrument*  already 
in  tropical  service  to  which  a  vapor  phase  fungicide 
smell  as  ('resstin  could  not  readily  bn  spplied.  VI any 
compounds  were  screened  by  the  use  of  a  test  method 
employing  mites,1*  sod  the  moat  promising  of  these 
comptmuds  were  subjected  to  other  testa  which  would 
determine  the  dimming  or  condensation  on  optical 
surfaces.  As  the  result  of  these  tests,  Thaaite  (fenrhvl 
tliioryanoaretste)  wsa  gives  further  trial  when  sp¬ 
plied  to  instrument*  ami  finally  recommendations 
vrere  made  for  its  pmerst  use.  Th.  recommended  ap¬ 
plication  is  in  a  water  soluble  grease  of  the  following 


formulation  for  screw  threads,  screw  heads,  and  seal- 
iug  end  pistes. 

Carbowax  4500  C3  part* 

Carbowax  1500  3r>  part* 

Sodium  chromate  1  part 

Fcnehyl  thiocyanoocctate  SJ  parts 

In  addition  the  following  mixture  i*  recommended 
for  coating  all  interior  surfaces  of  optical  instrument*. 
Metliyl  alcohol  TO  part* 

Shellac  30  part* 

Punchy i  iiii<c)tiiiMM.'i«iv  2 

For  nonreflectivc  glass  surfaces,  a  formulation  *■» 
follow*  *g  suggested.  Thi*  mixture  riiould  be  ilicorpo- 
rated  in  the  proportion  of  one  part  mixture  to  one 
l»rt  total  lacquer  aolida. 

Asbestine  80  psrt* 

Boneblack  5  parts 

Santocell  15  parts 

This  experimental  treatment  has  been  applied  to 
far  fewer  test  instruments  than  ha*  the  Cresatin  treat¬ 
ment,  and  exposure  testing  has  for  the  inoat  part  l*en 
restricted  to  the  specialized  test  ein;  loving  extensive 
mite  populations.  Tlieie  ha*  Ikvii  no  indication  that 
these  tests  have  extended  fer  a  period  any  longer  than 
four  weeks.  Only  one  instance  is  known  of  fleld-t<*t 
results  of  optical  instruments  treated  with  fcnehyl 
thiocyancacctate.  Among  the  instruments  tested  hy  a 
Frankford  Arsenal  mission  to  Panama  in  1045  were 
two  M17  elliow  telescopies  treated  with  Thanitc.  The 
details  of  tlie  treatment  were  not  available.  These  tele¬ 
scopes  were  cxjioaed  for  a  S'/s-mouth  period  ;  one  tele¬ 
scope  showed  marked  fungus  growth  i  n  the  reticle 
and  slight  growth  on  the  pria  n  and  ihe  other  allowed 
a  alight  amount  of  fungus  growth  on  tlie  reticle.  A 
rontrol  instrument  showed  considcrshle  mold  on  moat 
of  the  optical  surfaces.  Considering  the  limited  appli¬ 
cation  which  has  been  given  this  fungicide  with  regard 
to  both  the  quantity  of  instruments  and  tlie  extent  of 
actual  field  testing,  there  ia  no  reliable  basil  npon 
which  to  base  a  comparison  of  such  a  treatment  em¬ 
ploying  this  contact  fungicide  with  treatments  employ¬ 
ing  Cresatin,  a  vapor  phaae  fungicide.  However,  a* 
indicated  in  Chapter  t,  the  Cariowsx  mixture  con¬ 
taining  fenchy!  thiorvanoacctale  has  been  widely  aj»- 
fdied  to  threads  of  photographic  lens  elements  in  the 
South  Para  5c  area  and  has  been  tuceeasful  in  |>reTent- 
iag  the  ingress  of  famgus  and  mitre  into  these  len* 
systems. 

O.dv  slight  iafomutiou  is  avsilalde  mi  the  nensiif 
seiian  of  fcnehyl  tl.mryawoecetaUu  In  the  original 
experiment.  it  is  reported  that  <  onions  of  treutid 
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instrument*  is  no  greater  than,  an<l  if  anything  leas 
than,  untreated  instruments."  in  a  report  from  Eng¬ 
land'*  it  was  considered  that  the  corrosive  action  of 
fcucliyl  tliiocyanoacctate  on  cop]«r,  brass,  and  stain¬ 
less  steel  was  approximately  the  same  as  that  of  meta- 
rresvl  acetate.  Aluminum  wns  not  shown  to  be  afTectod. 

Inhibitory  Radiations 

A  general  statement1  concerning  this  method  of 
conlrol  of  fungus  infection  has  been  given.  In  this 
rued  hex]  radium  or  radioactive  salts  arc  used  The 
nlpha  particles  which  emanate  from  such  materials 
ap|H'ar  to  !>c  very  effective  in  preventing  any  fungus 
growth.  The  incorporation  of  radioactive  silts  into  a 
lacquer  to  lie  used  in  the  vicinity  of  optical  parts  has 
I »een  tried  with  considerable  success.  Perhaps  a  more 
effective  method  is  the  use  of  a  radium  foil  which 
may  lie  incorporated  into  the  lens  mountings  in  such 
n  way  that  the  stream  of  alpha  particles  cornea  into 
contact  with  the  glass  surfaces. 

The  Engineer  Board  lias  coaducted  extensive  in¬ 
vestigations  at  Fort  Belvoir*1'  on  this  method  of  ap¬ 
plying  radioactive  laalerials  to  optical  instruments. 
Results  of  only  one  field  trial  of  this  treatment  are 
available.  The  Frank  ford  Arsenal  m  iss'ie-  to  Panama 
exposed  one  binocular  treated  in  this  fashion  and  one 
of  the  hambers  lieounc  mold  infected  in  the  S'/fc- 
monlh  exposure  period.  This  method  of  treatment  does 
not  repel  miles,  and  it  ia  therefore  possible  that  dead 
mites  may  appear  on  otherwise  clean  glass  surfaces. 
Furthermore,  adequate  sealing  is  necessary  in  order 
to  preven  t  dimming  of  glass  by  water  vapor. 

«  RECOMMENDATIONS  FOR  NEW 
DESIGN 

The  varioas  control*  of  the  deteriora'ioa  of  optical 
instruments  which  have  been  prcecnled  in  the  fore¬ 


going  section  have  been  developed  primarily  as  a 
moans  of  protecting  old-model  instruments.  Various 
reports  have  pointed  out  the  importance  of  design  in 
combating  the  problems.  Design  is  not  only  intpor- 
taut  with  reference  to  tlie  deterioration  of  new  instru¬ 


ments,  hot  also  iu  permitting  service  and  repairs.  As¬ 
sociated  with  the  improvements  which  can  be  achieved 
hy  new  deaign  is  the  choice  of  materials  which  in 
themselves  are  resistant  to  deterioration.  The  jwssi- 
bi lit v  that  plastie  fixed  foeua  hinoculars  would  prove 
highly  ctticient  in  tropieal  service  was  recognized  from 
the  start.  Many  comments  have  been  made  on  the  suit¬ 
ability  of  late-model  Army  hinoculars  for  perfoiuiance 
in  the  tropics.  These  newer  instruments,  although  not 
immune  to  tropical  deteriorsii  u,  have  proven  to  be 
much  more  satisfactory  than  the  old-style  instruments, 
many  of  which  were  in  use.  The  investigations  which 
have  mi'ii  iiittut*  lii'i 6  littd  m»  iliCiT  pTi ra u ry  clijcrtivc 
the  protection  and  improvement  of  the  service  life  of 
these  old-style  instruments  which  were  used  out  of 
necessity.  The  many  approaches  to  tlie  problem  and 
thediiTcrent  treatments  in  themselves  will  not  entirely 
eradicate  deterioration;  in  practice,  each  different 
form  of  approach  or  method  is  supplementary  to 
others,  i.e.,  satisfactory  chemicil  commit  arc  most  ef¬ 
ficient  only  with  proper  sealing. 

Of  the  various  methods  recommended,  all  lave  not 
been  given  equivalent  field  trial.  There  is  no  reason 
to  assume  that  the  most  promising  of  theac  methods 
which  have  l»eon  developed  to  date  are  the  liest  which 
ran  be  obtained.  Once  proiuiving  results  were  obtained 
in  the  investigations  undertaken,  i  sec.rch  for  new  and 
lietter  remedies  waa  continued.  This  attitude  should 


continue  to  be  held.  Furthermore,  complete  compara¬ 
tive  evaluation  of  field  performauce  of  the  various 
treatments  should  also  he  made.  Attention  baa  fre¬ 


quently  l*en  called  to  the  importance  of  field  evalua¬ 
tion*  and  Ihia  cannot  be  overemphasized,  for  accurate 
interprets tiona  of  effective  preventive  treatments  cao 
oulv  be  drawn  from  field  evaluations. 


Chapter  4 

TROPICAL  DETERIORATION  OF  TEXTILES 


*1  INTRODUCTION 

Tin:  fact  that  much  emphasis  and  attention  w*s 
given  to  the  deterioration  of  military  textile  and 
ordage  items  by  microorganisms  during  World  War  1 1 
si  ioiii<i  uoi  cttiU  il.v  impression  that  the  deterioration 
of  these  materials  has  only  nxviitly  Iweii  recognized. 
TI  le  deterioration  of  textiles  by  microorganisms  is  a 
problem  of  long  standing  hut  one  to  which  little  at¬ 
tention  has  liecn  given  in  the  United  States  until  re- 
eently.  Kngland,  oil  the  other  hand,  liecaiise  of  her  ex¬ 
port#  of  textiles  to  the  Far  Fast,  and  her  numerous 
inland  possessions,  recognized  the  necessity  of  protect¬ 
ing  lier  shipments  at  least  duriug  transit  and  storage 
mid  develop'd  an  interest  i:i  fungas-pr.i.itW  at  an 
oarly  date. 

Much  research  has  liecn  done  on  the  microbiological 
degradation  of  textiles.  Tror  to  1920  most  published 
accounts  on  mold  or  mildew  damage  of  textiles  and 
eoixlage  were  eoneerned  primarily  either  with  a  rejiort 
of  damage  done  or  with  the  identification  of  the  types 
of  organisms  involved.  Since  about  1920  there  has 
lieen  a  much  larger  volume  of  work  in  thia  field,  pod 
considerable  emphasis  has  been  given  to  the  develop 
alien t  of  method#  for  the  prevention  of  damage  to  tex¬ 
tiles  and  txirdage  by  microorganisms.  It  is  not  the  in¬ 
tent  to  review  this  early  work  on  the  subject;  a  com¬ 
prehensive  bibliography'  prepared  during  World  War 
11  includes  significant  reference*  to  jmsl  work  in  the 
Held. 

Ilcfore  World  War  II,  the  interest  of  textile  manu¬ 
facturers,  of  chemical  manufacturers,  and  of  consum¬ 
ers  in  the  fungus-proofing  problem  was  confined 
largely  to  the  protection  of  such  fabric  items  as  shower 
curtains,  awnings,  and  Urpanlins  or  the  cordage  em¬ 
ployed  hy  tlie  fishing  industry'.  \V hen  it  seemed  likely 
that  muc  h  of  our  jmr  iu|mtioii  in  World  War  TI  would 
take  place  ill  tlie  Southwest  Parifio,  where  the  prob¬ 
lem*  of  supply  and  maintenance  would  Iw  of  major 
concern,  the  Army  and  Navy  recognized  that  large  quan¬ 
tities  of  ecfuipoieut,  particularly  sandbags  and  tentage. 
Would  be  scrvicaable  for  only  a  relatively  short  time, 
unless  protected  by  a  fungus-proofing  agent.  Early  in 
19  4 1,  iwrtain  branches  of  the  Army  and  Navy  initiated 
extensive  programs  to  develop  nsh  preventive  mate¬ 


rial#  and  to  test  their  efficiency  in  the  different  appli- 
mt ions  required.  Industrial  laboratory**,  stimulated 
by  the  needs  of  the  Army  and  Navy,  expanded  their 
research  programs  to  find  and  develop  uew  fungicidal 
materials,  and  as  a  result,  new  fungus-proofing  com¬ 
pound#  have  Ikvii  discovered  and  the  uses  for  those 
aiready  knowii  JiiVC  been  c"!*"*dcr“bty  crli  i'«d.  Iiy 
1941,  when  flu*  Tropical  Deterioration  Administrative 
t’omniittec  [TDAt*]  was  organizes!,  much  progress 
had  been  made  toward  a  satisfactory  solution  of  the 
textile  deterioration  problems  presented  by  tropical 
warfare. 

OSRD  Report  -told1  issmsl  by  TI)A(J  ] so i n ta  out 
nil  of  the  foregoing  and  reviews  the  |M*rtjiieni  infor¬ 
mation  on  the  subject  which  was  available  at  that 
time,  including  information  fr:*”*  the  United  Kiug- 
(1«mi  and  Australia. 

CAUSES  OF  DETERIORATION 

The  most  important  causes*  of  the  deteri oration  of 
textilea  and  cordage  are: 

1.  l'hotoehenneal  degradation  occurring  in  sun¬ 
light,  particularly  of  celhilosic  liiatenala.  Kvtdciiee 
would  s«*eui  to  itidicalc  that  l:ot  only  cellulose  itself 
may  lie  aff.'cte'l  bv  sunlight  hut  al«u  that  the  chemiciil 
agents  which  are  added  may  la*  catalyzed  to  bring 
about  eliangea  which  iu  turn  may  contribute  to  the 
degradation  of  cellulose. 

2.  Direct  reaction  under  certain  conditions  between 
fabric  and  other  material*  *nrh  aa  finishing  eom- 
|  winds.  eoinjiouenta  nf  soil,  or  other  sulwtaiuv-s  with 
which  tlie  fabric  or  cordage  may  come  in  contact. 

.1.  lWrioratien  by  microorganism*  which  utilize 
the  fabric  or  components  of  the  finish  aa  a  source  of 
food.  These  organisms  may  be  rapabUt  of  destroying 
the  fabric  directly  or  only  of  decreasing  the  etTective- 
ne««  of  the  proto  tir*  material#  so  that  other  factors 
then  may  operate  to  bring  alsiut  deterioration  of  Die 
fabric  itself. 

The  TDAC  studies  have  lawn  largely  concerned  with 
microorganisms  ;  however,  in  the  course  of  ttmse  stud¬ 
ies.  significant  information  on  otlter  rsusrs  nf  -b-ten- 
nration  was  revealed,  and  their  importance  has  not 
lieen  nagWted. 
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NEED  KOH  FIELD  STUDIES 

From  information  return*.**]  from  oja*  rational  areas, 
tlit*  existence  of  problems  associated  with  the  detcrio 
ration  of  lextil.***  was  suhatantiated.  Sot'nd  criteria  did 
not  exist  for  evaluating  the  exteat  to  which  protective 
measures  \7ere  adequate;  furthermore,  the  problems 
which  were  presented  were  mj  complex  and  variable  in 
nature  that  the  need  of  analytical  studies  in  the  field 
was  apparent.  Accordingly,  plans  were  made  wherehy 
such  studies  were  to  he  undertaken  in  the  Souiiiwrei 
Pacific  area,  hut  iiufortuiiately,  after  the  personnel 
mid  equipment  for  tiiese  studies  were  assembled,  it 
was  not  possible  to  proceed. 

4.4  FIELD  STUDIES  IN  PANAMA 

As  an  alternative,  arrangements  were  made  to  con¬ 
duct  these  field  studies  in  Panama  and  the  investiga¬ 
tions  which  a  cre  intended  to  be  mode  in  the  Southwest 
Pacific  area  were  undertaken  at  Harm  Colorado  Island 
under  the  direction  of  TDAC.  The  general  climatic 
characteristics  of  Panama  and  Barro  Colorado  Island, 
us  well  as  the  detailed  climatic  conditions  which  per¬ 
tained  during  the  period  of  test,  are  given  in  0SH1) 
Deport  ISO*.*  The  factors  of  rainfall,  relative  humid¬ 
ity,  and  wind  movement,  and  their  etrivts  upon  the 
results  of  the  test  are  reviewed.  In  summarizing  the 
influence  of  climatic  fa*  tors  on  the  results  of  the  teat, 
which  wen  conducted  at  Harro  Colorado  Island,  it  was 
concluded  that  climatic  conditions  were  not  severe  in 
tcr-.na  of  certain  other  humid  tropical  climate*.  If  the 
significance  of  rainfall  as  the  most  important  single 
factor  in  determining  the  deteriorative  inthiegee  of  a 
tropical  climate  is  considered,  it  may  lx  seen  that 
other  humid  tropical  areas  have  more  severe  climate* 
than  the  Canal  Zone.  The  occurrence  of  a  dry  season 
in  Panama  restricts  the  application  which  can  be  made 
uf  the  teat  results  in  terms  of  jwrformance  in  equa¬ 
torial  regions  which  have  a  heavy  rainfall  throughout 
tl»e  year.  However,  the  oceurienre  of  a  dry  season 
proved  to  la*  valuable  with  reference  to  certsiu  aspects 
of  the  ]>orforinauce  of  the  test  materials. 

4  41  Material*  Used 

For  these  field  investigation*  on  textile  materials, 
the  Odkv  of  the  Quartermaster  Oeneral  furnished  an 
rlalstrate  serica  of  panel*,  chiefly  heavy  tent  d»ck  and 
right  cotton  sheeting,  treated  ••*».  thirty  different 
milder- proofing  compound*  and  including  suitable 


untreated  controls.  The  specific  treatments  which  were 
given  to  the  individual  panels  are  given  below  with 
the  code  numlcri  used  to  identify  the  panels. 

1 1  ravt  1  )eck  ( H  .Si  t>7. ) 

C-fil  Control  series  bearing  no  fungicide.  The  fabric 
finish  consists  of  the  Jeffersonville  Quartermas¬ 
ter  Depot  [JQDJ  No.  212  finish  of  th®  follow¬ 
ing  general  composition: 

42  per  re  vt  chlorinated  naraflin  26  tM*r  cent 

TO  per  cent  chlorinated  parafiin  lfi  per  cent 

Ambcrol  M-83  (phenolic  resin)  6.60  per  cent 

Hnbbery  pitch  (aaphalt )  .1.7  per  rent 

Antimony  oxide  20  per  cent 

Calcium  carbonate  12  per  rent 

This  mixture  is  applied  ia  a  tingle  bath  treatment 
with  all  ingredixiU  incorporated  in  the  mixture.  The 
duck  k  dipped  in  the  liquid  (hydroearism  nolvsstt) 
and  scraped  free  of  excess. 

<’-52  Standard  tent  duck  treated  with  rile  al»ove  .1QD 
No.  242  finish  hut  containing  copper  naphthe- 
nate  meorporatcvl  in  tlte  finish  to  the  extert  of 
0.31  jier  cent  by  weight  of  metallic  repper. 

33  Standard  tent  duck  treated  with  the  above  JQ1) 
No.  242  fiiiialt  hm  containing,  incorporate*!  in 
Ute  finish,  0.173  jwr  ct*nt  by  weight  of  ropper  as 
copper  naplithenate  and  0,175  |*er  rent  by 
weight  of  copper  as  r  *iper  hjdroxviiapl;th«-»itite. 

Smelte«-Text  Deck  (7  oi) 

C-VJ  Conttol  series  (tearing  no  fungicide.  The  fabrie 
is  finished  with  a  two-bath  water  repellent  eon- 
taiuiug  mineral  wax  and  aluminum  acetate. 

63  Shelter-tent  duck  treated  with  tetrahrom  ortho- 
ereaol  so  a*  to  give  2  per  rent  by  weight  of  tho 
com]touud  on  the  finished  fabric.  Two-hat h 
water  repellent  contriving  mineral  wax  and 
aluminum  acetate. 

66  5*helter-t«*’>t  duck  treat'd  with  phenyl  inrreuri- 
triethanolamine  lactalt*  so  u  to  give  0.43  per 
rent  by  weight  of  metafile  menury  on  the  fari¬ 
n'*.  One-lwth  water  repellent,  Fabriare  AA, 
containing  wax  emulsion  only. 

57  Srietler-tent  duck  treated  with  dihjdroxydi- 
*’ih>r.«liphem  lmt  thane  so  as  to  give  2  |<er  cent 
hy  weight  of  the  fungicide  on  the  farine.  Two. 
hath  water  re  pc  Kent  conuining  mineral  wax 
and  alamiaum  aretaL*. 

ftS  She! ter- tent  dm*V  treated  with  copper  ammoni¬ 
um  fluoride  so  as  to  give  1  per  rent  by  weight 
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of  ooppwr  o/i  the  finished  fabric.  Ono-b*th  water 
repellent  <>f  Fabrisec  AA  i-onlatuing  wax  emul¬ 
sion  only. 

fi!)  Shelter-tent  duck  treated  with  trimethylpcUde- 
cvl  ammonium  poiitaeidorophenaie  «om  to  give 
2  per  cent  hr  weight  of  the  txxnpomtii  on  the 
fabric.  Two-oath  water  reptlleut  containing 
mineral  wax  and  aluminum  acetate. 

60  Johelfer-teiit  duck  Oxford)  of  a  some¬ 

what  higher  tensile  strength  than  sample*  M 
to  ,‘>W  ‘Treated  with  copper  n-iiviinujiijuiauliiK 
so  as  to  give  0.31  jv-r  cent  by  weight  of  tapper 
on  the  finished  fahric. 

Corros  So  urn  no  (or  Varying  Weight*) 

C-l  Medium- weight  sheeting  with  dye  only.  No 
water  vejxdlent  °r  fungicide. 

IT  Same  fabric  with  dihydroiydiehlorodiphenyl- 
xr,eti.’2:;e  applied  isi  n  two-bath  treatment.  Water 
repellent. 

1  Same  fabric  with  dihydroxydkldorodipheuvl- 
tncthane  applied  iu  aone-b«tli  treatment.  Water 
repellent. 

C-2  Medium-weight  shading  with  dye  only.  No 
water  repellent  or  fungicide. 

2  Santo  fabric  with  tetrabrom  prthocrcaoi.  Water 
rcuellent. 

a 

C-3  Medium-weight  sheeting  with  dye  only.  No 
water  repellent  or  fungn  idc. 

Sl!ff  Same  fabric  with  1  per  rent  Permaeido  AM¬ 
ID  (a  phenyl  Rtnejj  y  omnjanind).  Water  re- 
jdlent  containing  wax  only. 

111*1’  Same  fabric  with  1  per  <a*nt  l'ermacidc  AM-ld 
phis  2  per  cent  1’trnta  l'ar  K.  Water  repellent. 

('-4  lleaxy-weight  sheeting  with  dye  only.  No  wafer 
rqieileiit  or  fungicide. 

-4X6  Same  fabric  with  eopjK*r  naphiliera*p  applied 
m  omnlsioH.  Water  repellent 

•4X11  Same  fabric  with  /tipper  hydroxy  naphlhenate. 
Water  re]«elient 

4C  Same  fabri;  with  eoppar  an  copp*r  Aa'-fctheo*:* 
applied  in  hydrocarbon  wdrci.t.  Water  lepcilctit. 

0-5  Medium-weight  sheeting  with  dye  only.  Nx 
water  repellent  or  fungicide 

fi  Same  fabric  with  triovethytociadecyi  ammoni¬ 
um  pontarhlorophe/mte.  W*t«r  repellent. 

0-6  Medium-weight  sheeting  with  dye  only.  No 
water  repellent  or  fi  i guide. 

CPC  Sam*  fabric  with  3  p;T  rent  pyr,dyi  menunc 
<  blonde.  Water  repelhut. 


6Pt>  Kurae  fabric  treated  with  1  per  unit  pyridyl 
mercuric  stearate.  Water  repolk  ut. 

C-T  Medium-weight  aborting  with  dye  only.  Xu 
water  repellent  or  fungicide. 

?M  Seine  fabric,  treated  with  ?5  per  rent  phenyl 
mercury  phetudate.  Water  rcjs'lleut. 

’ll*  Same  fabric  treated  witli  enpi»or  an  copper  am¬ 
nion  i/nn  fluoride.  Water  roi**l!oiit. 

8  Nylon  nett  ug  with,  urea  formaldehyde  finish. 

•>  Cotton  neti;ng,  insect  bar,  »>th  dihydmxydi- 
■  uh<r,vlipli.*  ..yln;ct]'.i:ic-  '.Vster  rspsikm* 

C-10  Heavy  sheeting  with  tminerol)  dye  only.  Vo 
water  repellent  or  fungi/ irie. 

10  Same  fabric  with  mer/tirv  as  phenyl  inciv  uriiri- 
ethkiiolamine  lactate.  Water  repellent.  (This 
set  wa*  uii  snaked  when  rc/fived  in  Panama.) 

10X  Same  fahric  with  mercury  as  phenyl  mercury 
salt  of  2-mereapto  lienrothiasudc.  Water  repel¬ 
lent. 

i.*.z  i»fan  0f  Exposure  end  Study  of 
M  yeologieai  Factors 

In  these  field  tots  identical  duplicates  of  c  *!i  sam¬ 
ple  were  ei|*o*ed  to  four  contrasting  eniid iUons  of  the 
natural  environment :  (1)  fj]«wure  to  full  tropical 
suulight,  (2)  cxjHwiure  to  •‘hade,  (1)  expesnre  to  t'on- 
tact  with  gmimd  on  the  forest  and  (4)  exposure 
to  burial  in  the  soil.  For  each  variation  in  tieatment 
and  for  each  of  tlw  four  conditions  of  exposure,  eight 
samphu  were  supplied.  nuking  aerial  «<S»se nations  and 
detenmrs  at  <-igl.t  different  jnthsIs  dur¬ 

ing  lh*  entire  ex jww n re.  in  all,  1.120  half-yard  samples 
were  used  for  these  field  studies  winch  were  fidl-wed 
closely  for  a  perils  I  of  id  week*  and  gave  •  preliminary 
indication  of  tin*  efficiency  of  fabric  treatment  under 
tropical  exposure. 

IWi/le  vbtainH.-g  a  ct>nip*ri*Mi  of  the  I'fi-rv  of  tl  • 
ianrj«  treatments  ^ iv  n  to  the  »\]  nmenlal  f**t  If* 
pwiH-is  a  major  objective  was  U>  dr'emme  is  far  at 
|v*«fMc  u»  the  f>U  the  identity.  th«-  fie<p**B  y,  ami 
the  sexju.,  r  of  app"«rw«-  "••  'l-hiae  *tmy;ng  and 
other  f.ngi  -n  tne  v*ri  hpU  t'  s’ed  texwhs  To  flee 
«.r«i  z  tsts!  of  appruximat  ly  1 .690  rietire*  of  fungi 
were  ,/v-i:ed  from  the  ur  u  Quart  reiMter  1  ’  pa 
■ampler  in  ullit’  i  u>  xo  rr»f;  n-*  iF  }  »•  re  af* 
u'.’wil  from  ofl»ar  ter»»ie  item*  of  m>i.un  eqyn"  *  ■  ♦ 
ill  ih*  IUM  and  *n**i  deraTi'ig  *  !:h*  «  pir  t  'Hr 
tial*  After  the  laolVi'T  *f  li*ese  «*/  a  *-«.  tbe»  we-- 
•li-pat  .seJ  lo  lals-ra*  r  *  i  t'-*  itn  (■ 
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purification.  when  necessary.  and  identification.  Thi* 
laboratory  phase  of  tlw»  investigation  has  involved  coo* 
aidcrable  time  and  effort  and  it  wax  net  |»o#c:ble  to 
complete  the  identification  studies  on  the  organisms 
isolated.  However,  valuable  information  was  obtained 
on  genera!  as|H*ots  of  (lie  orgaiu*nin  involve*!. 


Observation* 


OM  I  »  .  . . . 

va  Mr. 1 1  %ft  *  1  ttoi  M..w  a  n*' 


An  effort  wav  made  to  determine  the  relative  abnn- 
dunce  of  fungi  ou  u  aele.t«|  group  of  sun-  and  shade- 
exposure  sample*  by  intimating  the  total  amount  of 
mvcelial  growth  which  develop'd  by  tiie  use  of  dif- 
Irrem  jhure  niotlHslv  Although  tl*e  ns-thixl*  used 
were  far  from  refined  in  their  quantitative  aspeeta, 
diere  was  a  surprisingly  close  agreement  IiHwccii 
ivmpan-Mjiui  made  independently  at  different  time*. 
Tli  lollowir^  oWrva'ion*  in  these  studies  were  made 
mi  culture  olatet  prepared  from  aim  and  shade  panels 
after  75  days  ei|**ure: 

1.  The  aimiulam-e  of  fungi  on  the  variously  treated 
sun-exposure  sample*  <ollnw*  tho  same  general  ao- 
qiirrwe  alien  Rvaaured  <u  three  different  media.  The 
shade  samples  allow  ino-e  variation,  probably  lava  Use 
of  greater  fnngvia-itvore  Ifiud  derived  from  adhering 
l*rtif'«»M  aui  ii  as  fragn  .*M»  of  wood,  leave*,  and  in 
sect  fece*. 

2.  The  rfititrol  samp-'**  have  a  more  abundant  fun¬ 
gus  (Wu  than  the  treated  -ample*  in  hath  aim  and 
shade. 

3.  The  low*M  iiuinVr  of  organ Urn#  occur  rad  *on- 

M-*tentlv  o?i  plan*  made  fi  o.i  the  fabric  ireated  with 
copper  H-hrdrow quinoline,  both  after  *un  urd  .bade 
ntA-ur*  Certain  platis  from  thn*  treatment  were  vir¬ 
tually  aterile  with  only  oeeaaional  «ol«o>*c*  of  Jbvnicil- 
liuni  p  und  a  »ors)  pink  which  to  lie 

the  dam: sant  organism. 

t  Copper  naphthena’t.  pyridvl  n-er.nric  «hler-<le 
ar**l  iMppvr  anvmrvniwnt  flu  »ri.le  hold  the  fungi  -  flora 
,|.,wn  t*  .i  U*w  levpl  mi’kr  l*>lh  <un  a-*l  aha*le 
rjndos  oi* 

liitf*  truce*  -ii  }Ih  relative  aha.- lane-  of  fungi  on 
i.  tenal  niUrh  treated  b-t  to  » *n  rather 

|l*»n  slutd*  are  p  ohabiy  <tn  U»  a  vt'iely  «*T  fa<tar* 
Ailing  Uni#  are  breakdown  and  loss  of  fun,|iiije  li) 
<»ui  and  rail*,  d**a  d  pH  r*ad»*u**  »*f  the  fab  i* , 
*H«iitv  i  f  rrrtaiu  ot-gai.'-n  k  to  w  ttnaoJ  n:w  *t  «f 
i**iid  ti  >n*  and  ant  the  «*th«r.  and  .ar.*tu**<*  the 


quantity  of  spore*  derived  from  fragment*  disunited 
on  the  fabric  surface  by  w.n.1  or  from  nearby  vegeta¬ 
tion. 


iVuwtvAXT  OnuAxieMa  ov  rur  Trvmn  T'auki* 


By  carefully  selecting  from  ag*r  culture  plate*  frag¬ 
ments  of  the  organisms  which  v.erc  present  in  the 
greatest  abundance,  it  was  possible  to  uhtain  with  con¬ 
siderable  accuracy  the  domimivt  fungi  which  won 

»"N»til  a**  llu>  li-al  I.imilatioou  of  en moment 

•  I  a  • 

and  time  diil  not  permit  slu<li*M  of  this  sort  on  ail  of 
the  samples  b  <t  it  waa  possible  to  at  inly  the  organisms 
from  lertam  selected  panel*  in  this  manner.  Tlte  fol¬ 
lowing  list  of  dominant  organisms  is  .a ken  from 
OSUD  lte|>ort  180;,*  and  the  organisms  were  obtained 
from  niltiiris  made  after  tho  selected  panels  were  px- 
jxs-d  for  80  days  to  sun  and  sliade.  Additional  <.l»er- 
vations  on  the  dominant  fungi  involved  ore  given  in 
0«K1>  Re; sort  5681. 4 


Sun  Lxprwuro 
('-61  Fuoarium 

fiUrifo-kplmiu! 

IhnAroma* 

S3  Pubutana 


Osd  PuUuhru 
Toruia 

6 1  t.\o  ruiioiei 
jirvjaifwt) 

00  Vsast,  pink  *.*(»■  «m- 
(atK-ua 

C  l  rwH«ilaria 
(‘urwitaila 
IXpkslia 

4-C  Pr.ilvtUm 
1‘mciOiuia 

4-‘i  If  (No  cultures 
ptwjsuwd) 

6  (Vo  culture* 
ptwptfmd) 

0-1*0  !  v£i »W- 

7  P  Putt  <  trw 


7- XI  {No  miIuci 
,#*tawsd) 

H  htttuUfim 
S  -pin*  ijittwiL** 


Shads  Et7***si» 

('-61  /J»gryodt;4ed«i  tkmfirormae 
FuariuiD 

63  Bntruodtttlodut  ik+fhrttmm 
PuDuhiri* 

Toruia 

0-54  B«rryatkpiait»  thmbrtmmr 
BiakrJtlm  Irit/mm 
PastabHia 

57  IVgs’U  (This  was  tl*e 
oaiy  Mfuwa  which  ap~ 
l#afwd  oa  the  ntcdnifi.) 

*1  iV&mDiuw  sp. 


C-l  ('bvk>*l>otiu:u 
fVstaiotia 
Eiihcoew  trwfoeo 
4-0  PrsUlnu* 


PrnrttUin 
4-  MI  PeMalad* 

Peoiod'wm 
5  (Vntoloua 
PiCuUm 
«-PC  riiiuUna 
Torul*  1 7) 

7  P  V  abwOHua 
F 

:  M  IVKh.Wv* 

H  nit  cahn 
i‘U«rai«4ia 

n«hJ  tv^rssw* 


Tvr  ov  -ithli  -  fa.  ii  ar»  meacd  ate  y  s»i-'~r-t 
fr  ii*  ti  e  at*  I  *<>ng  of  *h*'Atna»t  orgio^m*.  (Ji 
I-  a  real  u  mbo*  of  ape*  i*w  <f  ttw  vrsii.'fwi*»a«c*  if 
the  gete-ra  Puilulans  ami  i*  -tah*«ia  ard  (4)  tha 
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genera!  absence  fr  >ni  t h*»  list  of  any  of  the  commonly 
used  orgtmism*  for  measuring  fabric  deteri¬ 

oration. 

Tins  h*«  should  in  no  non**-  )sc  interpreted]  as  an 
icalr<i>  of  the  fungn!  riorn  on  the  test  sample*.  With 
longer  incubation  of  the  plain  *  wide  variety  of  other 
fungi  apjieared.  differing  af  t<»  Ihe  number  of  sjxvies 
on  different  t  ;  cut  men  t*.  There  organisms  which  ap¬ 
pear  later  may  actually  be  present  in  coiunderatde 
!/.••*(>  but  are  oilier  low  numerous  than  tiiose  which 
appear  first  or  else  react  quite  unfavorably  to  Hie  nu>- 
dii«n  There  is  no  question  but  that  the  medium  ex¬ 
erts  a  b’glily  selective  action  tin  Ihe  results  of  these 
r  ..peri  men  ts,  an  I  in  order  to  establish  beyond  question 
the  dorn. want  organisms  on  the  fabric*  it  would  be 
Well  to  cmplo.  three  or  hot r  media. 

The  extraordinary  abundance  of  I’ullnlaria,  a  highly 
polymorphic  member  of  the  1  Venial ia«eae,  is  *ignift- 
lam.  This  organism  apparently  ha«  a  high  tolerant* 
to  cooper  ami  mercury  compound*  and  ia  moreover 
a  We  to  withstand  extreme  environmental  conditions 
ro<  li  as  are  imposed  by  direct  exposure  to  tropical  sun. 
There  is  some  information  available  wl.irh  shows  that 
I'nllularift  in  capable  of  attacking  cellnloee,  but  the 
need  for  further  tests  on  litis  jwint  is  indicated.  Them 
ia  a  strong  ]*xu>il'ilitv  that  the  Ihillnlana  population 
is  inordinately  high  because  this  fungus  grew  on  the 
oil-soaked  samples  ami  on  the  oil-soaked  areas  of  otlier 
samples  to  thr  virtual  exclusion  of  other  fungi.  In¬ 
oculation  by  rain  .inti  wind  from  th«  wt  I'ulltilaria-rirh 
areas  of  the  fehrn  may  explain  the  predominance  of 
this  form. 

Tltc  abundaurv  of  1’otalotia  on  the  »hade-exjio*'urc 
scries  ia  intin-*4ii  in  view  of  it*  dissent*  from  or  srar- 
nty  on  sun-exposed  pane!*.  This  genua  torn  prise  I 
nearly  10  j»er  cent  of  the  total  number  of  organism* 
isolated  from  the  Quartermaster  Corps  textiles  at 
Rarro  Colorado  frland.  Certain  Sjiecics  of  IWtaletia 
arc  active  cellulose  destroyers,  and  the  frequent  occur¬ 
rence  of  t lie  organi-nt  on  duck  and  cotton  alxeting 
tn.vt'^1  with  topj^r  naph the  tale  and  dihydrovtdi- 
t  ldorodi  siylmcihi-ne  * s  ;gvnfirant.  ^hsdr cxjvwurc 
jw  icla  of  shelter  ti  nl  duck  trected  wijli  dihvdroiydi- 
r  hlorodiplwaiyb  ethane  yielded  nearly  pure  eullur** 
of  Tests  loti  a,  a  fact  which  would  indicate  sgnifl-  ant 
tolerance  of  1’eat.dotia  to  tlti»  rwuBp'Uod  The  pee*  WU 
tolerenec  of  IVdatotia  t«i  a  o**nn|«>und  whwh  is  other¬ 
wise  highly  fmgnidal  would  Is  weil  worth  »— ti»sgr  if 
tin  example  t»f  j  r-f  w  titia!  fungicidal  art  on. 

Those  doirinaui  f*igi  rrpi  **nted  on  a  snail 
frjet  ou  of  the  lotal  dumber  of  the  !,<00  culture* 


which  were  isolated.  Tin*  complete  range  of  fuugi  pres¬ 
ent  mi  Ihe  samples  furnishes  an  interesting  list  from 
the  standpoint  of  the.  practical  problems  involved  a* 
Well  hs  on  a  purely  inycological  basis.  Certain  hitherto 
unkiown  form*  have  lieen  discovered.  A*  of  March  1, 
11*  16,  complete  idcntificatiui*  had  not  Ikm-u  made, 
but  tho**-  which  have  lw>n  nude  in.-hiuo  the  majority 
of  the  fungi  isolated.  A  preliminary  listing  of  identi¬ 
fied  forma  is  given  in  OSRR  Ile|>ort  tSO?1  and  a  more 
complete  presentation  of  the  laler  idcnti  location  is 
found  in  OS  HD  Report  56sl.* 

tiK  VKfi-VJ.ir  CTlOXS  COXl-KMNI.VO  Til  K  Ft'XUl  a  Kl/IIl.V 

From  Ihe  olwervatuni*  and  the  experience  gained 
during  the  course  of  isolating  the  numerous  fungi 
from  the  ex|*rinicnta!  textile  panels,  the  following 
generalisations  were  made  cuneerniug  the  fungal  flora 
of  the  asm  pie*. 

I.  The  fungus  flora  which  develops  on  identical 
sample*  of  fnngii  i.laliy  .rested  cotton  text!?"- 
Nylon)  differ*  widely  lietwctn  sun -exposure  and 
nhade-cxpomire  conditions. 

2  There  is  a  pronounced  difference  »n  tlie  flora 
which  develop*  on  textile  sample*  of  the  same  #abrio, 
with  tlte  same  dye  and  aster  icpclleiit*,  but  bearing 
diverse  fungicide*,  lienee  the  ^imposition  of  the  ivra 
on  tr«twt>*»l  textiles  exposed  In  tropical  conditions  for 
even  a  brief  period  (ten  to  twelve  weeks)  varies  not 
only  with  fXpjsore  conditioua  but  also  with  the  rheaii- 
eal  composition  of  the  fungicide.  There  are  thus  two 
variable*  impnacd  at  tlte  outset  on  nnr  general  nations 
which  may  I**  drawn  regarding  the  nature  of  the  de¬ 
teriorative  .’'fginuisTO*  on  finished  textiles  exposed  to 
tropcal  condition*.  A  third,  and  a*  yrt  unpredictable, 
variable  resides  in  ihe  diffcrcuee  between  the  f lingua 
floras  of  direrwj  areas  in  the  tropicv. 

3.  Certain  aperies  of  fungi  capsid*  of  attacking 
collaSeM  have  been  found  on  a  wide  larixty  of  treat- 
inert  Is.  Th**se  include  iU, t ryosf » /oci.fm  Iktolrumas , 
I'enhilliurr.  sp.,  ccrtsin  Fmurra.  l*e*tah>tu».  and  other 
distinct  form*  which  Itave  u-it  as  yet  been  tdeutilled. 

4.  'I  hert  is  a  trermndou*  isiiatHMi  both  in  the  num¬ 
ber  of  organisms  and  in  the  numW  of  ajwrie*  which 
otear  »n  diiermi  treat--ienU  und-  r  gnen  coiidittona  of 
e<p  *«ie.  The  naw'er  and  apeei«s  of  the  total  growth 

-  greatest  on  untreated  cams*  (i  *.,  devoid  <*f  fangi- 
«*de).  Of  the  fungi-ides  t«»te«|  th«  eompoutw)  *  pper 
«-h . d ^ xyt1u  nofluae  at  peares1  to  have  bv  far  the  most 
adivi  fjrvgictdsl  aj  wad  aa  b*  toricidaJ  **  ■-*.  \*  a 
jwotnr  nary  ladicati  n  of  tbnr  |«oUntial  fflwt  on  fal*- 
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ric,  a  mI«u<s]  group  of  Hk  specie*  of  fv.ugi  istdctcd  from 
the  textile  ]>anela  wore  grown  on  canvas  strips  placed 
on  minors! -nutrient  agar.  The  luxuriance  of  growth 
ws»  observed  snd  from  this  tb-*  degre*  of  cellulolytic 
activity  wsa  estimated.  This  procedure  of  determining 
in  a  preliminary  way  the  cellulose-digesting  capacity 
of  a  fnngua  hy  the  amount  of  lnphal  production  on 
cotton  cellulose  is  open  to  some  controversy,  but,  in 
general,  if  an  organism  i*  capable  <>f  pro! luring  «  vig¬ 
orous  mveoiium  on  relatively  pure  cellulose  it  would 
setiu  tlif.t  the  cellulose  is  furnishing  a  substrate  for 
niehi!>o!Un'>  and  growth.  Moroovrr,  microacopic  ex¬ 
amination  of  libers  from  certain  of  the  cotton  strips 
which  supported  vigorous  hyphtil  growth  showed  that 
the  cell  w-’l*  cf  the  cotton  hairs  were  undergoing 
enzymatic  attach.  Of  the  K8  forms  selected  more  or 
lees  at  random  from  a  group  of  1  VS  isolates,  approxi¬ 
mately  oO  species  grew  with  <  omudcrable  vigor  on  the 
canvas  strip*  placed  on  mineral  agar.  It  aeems  clear 
from  this  preliminary  experiment  that  an  unusually 
large  |>*re<*nt»ge  of  the  fungi  isolated  from  the  textile 
panels  arc  capable  of  degrading  cellulose.  In  this  con¬ 
nection  it  may  be  noted  that  of  4T.0  isolate#  of  fungi 
taken  from  textile  material*  sent  f  >m  the  South  au<l 
Southwest  Pacific  and  tested  for  celt  ulna*  deterioration 
at  the  Philadelphia  Quartermaster  C’orp#  Tropical 
Deterioration  laboratory,  over  M)  per  cent  showed 
significant  cellulolytic  activity. 

4.4.4  Performance  of  Treatment* 

From  the  data  derived  t»y  following  at  intervals  the 
tensile-strength  measurements  made  on  the  experi¬ 
mental  and  control  panels,  and  by  nu»lv*e»  •  f  the  over¬ 
all  conditions  of  exjmsure,  the  rdstive  efficacy  of  the 
various  fabric  treatments  wvs  determined.  The  man¬ 
ner  in  which  the  panels  wen-  prepared  did  not  justify 
differentiating  between  the  possible  causes  of  the  re- 
sults,e.g.,the  tendering  effect  (loss  of  tensile  strength  ) 
of  sunlight  which  was  observed  may  have  been  more 
bv  action  of  the  water  repellent  than  of  the  fungkide. 
hut  there  is  no  way  to  differentiate  between  these 
cause*  if  lsoth  the  water  repellent  and  the  fi  ngieide 
are  present  on  the  same  fabric. 

From  three  studies  it  was  slnun  that  the  following 
tnwlmeuts  were  satishHoiily  rr  ^taut  )«  aac -expo¬ 
sure  condition*. 

Copper  naphthenate  ^  w  ith  screening  pigmeui*) 

t‘op|*»r  8-hydroxvqmnoii' 

Phenyl  Biercuritrintliano.  n  •  lactate 

Pyrnlyl  aarrunr  stearate 


Periancide  plus  Para  U  (phenyl  iinrcury  compound) 

Copiwr  ammonium  Ttuoridc'l  .  , 

,  ,  .  ,,  .,  V  ,Vmw>  tendering  action 

lyndyl  mercuric  chloride  J 

There  was  no  statistical  basis  upou  whicli  to  eval¬ 
uate  the  various  treatments  under  tdiad* -exposure 

conditions. 

The  following  trentments  were  satisfactorily  resis- 
tant  to  ground-contact  explore. 

Copper  naphthenate  jmu  hvdroxynaplithenate 
Tctrabroin  orihocreaol 
Copper  ammonium  fluoride 
Copper  8-tiydro\yqiiii:ohne 

Trimcthyloctadecyl  ammonium  ]>c'iUchlork-phenate 
Pyridvl  mercuric  j  tea  rate 
t'yridyl  mercuric  chloride 

1  T’naaiisfactory 

,  ,  I  on  light  cotUm 

Pl.cuvl  mcix-uritrietlianolandue  i  .  ..  , 

.  •  I  s  hr  id,  mg  but 

lactale  t  _  . 

DilivdioxTitichlonsliphcnvIiwcthaoe  I  C  **  ,re°n 

1  •  ahelter-tent 

j  duck. 

The  following  treatments  were  satisfactorily  re#:*- 
tant  to  *>il-Lunal  ivinlitions. 

<’o|>i«or  naphthenate  and  hydroxynsphthenate 

< 'upper  h-hydroxyquinoiiuc 

Pyridvl  mercuric  chloride 

Pyridyl  uwrrurie  stearate 

Copper  ammonium  -luoride 

I)ihy  droxy  duhlonslipheuylniethniii* 

Tetrabnnn  ortlioorraul 

With  due  allowances  for  the  'triable  factors  in  both 


the  application  of  the  treatments  amt  the  exposure  of 
the  test  | Mitel K  nn  analysis  of  the  e\|w>Kure  result# 
provides  a  l**#u  for  Minting  the  combinations  in  the 
above  lists  wbidi  ahowetl  the  best  overall  protective 
action.  It  was  concluded  that  the  fellowing  eombtua- 
tions  gave  the  most  satisfactory  performance  tu  the 
te*t  exjsisures. 

Copper  8  hydroxyqniuohi.e 
Pyridyl  mercuric  stearate 

Copper  naphthenate  (s<  rew  nii  g  pigments  easential) 
1‘yidyl  memirie  chloride 
Copper  ailin'!  mum  lluonde 


4i-*  ConcluiioBS  after  16  Wreka 
of  Exposure 

<  ertaiii  sa.ient  coorl us*  ^-w  derived  from  tkJm  4fld 
study  cf  expend  vtsl  i*xUl*  pa  -  i  are  (tvaa  aa 
f<sl  lows  ’ 
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1.  t'limatic  conditions  during  tlie  p^riixl  of  test 
were  not  severe.  Iiitinfall.  particularly  during  the 
latter  part  of  the  rainy  seaeon,  w«*  not  heavy,  Exces¬ 
sive  wind  movement  with  attending  evaporation  ad¬ 
versely  affected  the  ri|/o-ure  tests  and  tended  to  affivt 
the  effects  of  high  humidity.  Thi-se  coawiderations  ex¬ 
plain  in  part  the  si  rprimoglv  alow  rate  of  deterioration 
with  ground  contact  and  shade  ex|>osurv. 

2.  S'uji  ex]«#uro  brought  about  greater  l«*s?  of  ten¬ 
sile  strength  til  the  fuugieidally  t rented  than  hi  the 
untreated  textile  jmiicls.  Ijoss  of  tensile  strength  with 
sun  exposure  was  particularly  high  in  the  rose  of 
the  halngenated  phenolic  fungicides  and  the  copper 
coni  pounds,  particularly  it.pjwr  waphtlicnatc,  Samples 
treated  with  oertuin  **ier  n-itdtpnt*  only  showed  eoti- 
dilortble  W*  of  tetisik  irctigth  in  the  sun.  indicating 
plwtoehfairal  breakdown  of  cellulose  by  such  water 
rejieHen*.  twnn|KUieutf  a*  aluminum  aectnte, 

;{,  Tin- shade-ex  ]*>*u  re  sum  pics  showed  no  significant 
change  in  tensile  strength  after  Id  weeks  of  e\po>wiri*. 
Visible  mold  growth  appeared  first  on  the  sun-exposed 
aamplea.  Of  these,  mildew  was  visible  on  fabric  treated 
with  tetrahrom  oitlux-ruK  1  and  Pennachlc  AM-10 
before  it  was  detectable  on  the  untreated  ivnitrvls 
under  similai'  exposure  condition*.  At  the  end  of  In 
weeks  of  exposure  virtually  no  mildew  was  visible  on 
any  of  the  treated  or  untreated  -hiuie-cxp)eurc  panels. 

4.  Soil-burial  exposure  induced  rapid  deterioration 
of  the  textile  panels  although  tlie  resistance  afforded 
l*y  various  treatment*  differed  widely,  Tlie  jierfurni- 
aiiee  of  certain  compound*  differed  very  oifisidertldy 
depending  on  the  ae'glit  of  the  fabric  to  wumli  they 
were  applied.  Tin-  oompniml*  wl.icli  gave  the  last 
prelection  under  lm  conditions  of  this  teat  were: 
(1)  pyrnlyl  mercuric  chloride,  (3)  copper  8-hydrn\y- 
qinnoliue,  find  (3)  copj>or  naphthmiatc  t solvent  ap¬ 
plication). 

5.  The  ground  "outart  e.v|*o*U res  jirimd  t<*  be  ic- 
t  aided  aoil-hurial  teat*.  Tl*  result*  were  essentially 
tlicaame  onaln'atively  although  quantitatively  grouinl- 
c-ontact  condition*  were  lew  severe. 

6.  NvU.ii  netting  proved  to  be  indifferent  to  *oil- 
tmrial  conditions,  to  ground  contact,  and  to  aJiade 
ex]>osi:rT.  Marked  lues  of  tensile  strength  occurred, 
however,  with  son  cxjioeure  during  the  latlrr  part  of 
the  testing  ]xxiod. 

*.  On  tlie  sun-  and  *had«*-e\i>owtiro  samples,  /*1 1 
rn  wsw.wnient*  showed  a  more  <»r  hs*  euneisient  decli  ie 
between  the  tonrtli  and  tenth  weeks.  In  genera  i,  pll 
rea<|ingt  weir  considerably  loner  m  the<aseof  thes*n  - 
exposed  fabrna  than  in  ?1k?  sfc-ade-e^poacd  fabii-*. 


S.  Oh  agai  plates  inoculated  with  yarns  taken  from 
selected  panels  after  ten  wrvk*  of  e\|**Hirc  to  sun  and 
■bade,  the  abundance  of  fungi  was  highest  in  the 
c».m;  of  tlie  control  samples,  and  by  far  the  lowest  on 
nmieila!  treate*  with  copper  S-livdrmyqninolinc. 
Yarns  from  pamds  treated  with  copper  naphthenale, 
**op|X*r  ammonium  Huoridc.  and  pvridv  1  men  uric 
chloride  were  also  low  »n  the  numlwr  of  orgmmias 
present.  All  the  treatments  were  not  studied  hy  thU 
metliM.],  *o  (hat  a  umiplde  io:i>p«ri..*u  is  not  available. 

U,  1  he  Kpctiea  oi  fungi  pnwni  in 
the  various  treatments  differed  strikingly  with  the  ex- 
pieiire  conditions  and  with  the  ihenmal  iiur!pn«itio» 
of  the  fungicide.  A  few  treutim uts,  when  plstrd  on 
agar,  showed  almost  pure  culture*  of  certain  fungi 
which  were  present  in  nhundaine. 

10.  The  dominant  organism*  on  a  large  number  of 

the  (reMtniccits  were  ciilture<l.  The  dominant  fungi  on 
the  same  fahrie  differed  somewhat  between  sun  and 
shade  exposure.  The  following  sjK-cie*  of  fungi  t, 
enrred  :u  the  greatest  ahnndar  •<»  on  the  treated  tex¬ 
tile  oanfU'  "ullulariH  sp.,  (kfobrotnar, 

lVstalotia  *p..  lVunillinm  sp.,  and  F  tsarium  sp 

11.  With  the  exception  of  tfw*  grnna  lVnieillium, 
none  of  the  test  organisms  were  isolated  from  the 
fabric*  aftc-  piolonged  cvpo6ure, 

12.  liy  mrrelating  tensile-strength  change*  under 
various  eqxvaurc  condition*  with  the  fiingienM  ac¬ 
tion  indicated  by  culture  techniques,  the  following 
fungicide-*  cpj*-*red  to  l>e  the  most  Mlisfcntorx  under 
tlie  condition*  of  tlie  experiment :  ('(ipjarr  fi-hydruvy- 
quinoline,  pyrnlyl  mercuric  stearale,  copper  naplu.ie 
imte  (screening  pigment  essential),  pyridyt  mercuric 
chloride,  and  o«  p|*er  amtiioniani  fluoride, 

13.  Elimination  of  the  various  physical  and  bio- 
logical  factor*  of  the  tropical  environment  aid  their 
complexity  aud  virtual  intpuanl’ility  of  simulation 
demonstrate  the  n«e*wity  for  further  ffehl  rraearto 
and  testing  ill  order  to  validate  and  render  more  real¬ 
istic  laboratory  te  ting  pnx-eilure. 

* lfc  Hrwnita  after  60  Veeka  of  Kxposure 

lhiriitg  the  initial  16  weeks  of  exposure  the  per¬ 
form  miv  of  the  expcrininital  tivtdr  ]mhk-1*  wa*  fol- 
h  wevl  closely  in  order  tlist  tlie  major  obpvtne*  of  the 
txpennieiit  would  he  attained,  After  16  worka  it  wa* 
n<4  j*ssuble  to  continue  the  int-visc  stud*  of  the  t<  \- 
tilea.  llowevt w,  thers  remained  two  complete  «et*  «*f  the 
snn-expnanre  sens*  and  throe  rowplen  *ets  e-f  tbs 
*l.*!e-exjif*sor»  ►  ri**  It  was  arranged  that  these  re- 


M 


TEXTILE  DETERIORATION 


maiiiing  samp!"*  would  aim  !*•  subjected  to  tensile 
strength  measurements.  For  the  smi-expi*nre  sample*, 
breaking-strength  measurements  were  made  at  the 
21-weeW  exposure  for  one  set  and  for  Hie  ihadt-ei- 
poauT  sample*,  breaking-etrvngth  measurements  were 
taken  at  24  weeks  and  at  HO  weeks.  No  aignifleant 
change*  were  noted  over  the  results  at  16  week*.  It 
was  not  planned  to  obtain  breaking-strength  value* 
for  the  remaining  set  of  aim-  and  shade-exposure 
samples  at  any  fixed  time;  instead,  these  were  to  be 
allowed  to  remain  on  exj>ostirc  until  trial  “thumb” 
teat*  rewal.-d  weakness  in  the  fabric.  and  whenever  a 
fabric  was  able  to  be  torn  by  the  thumb  test  it  was 
to  be  hr  Treated  and  broken .  A  few  jt  the  sun-exposure 
aamplea  were  harvested  at  28  weeks,  .1b  wedu,  40 
Week*,  36  week*,  and  60  week*.  Moot  uf  the  remaining 
shade-exposure  aamplea  were  harvested  at  40  week*. 

After  60  weeks  of  exposure,  the  aaiuplea  which  bad 
liecn  treated  with  the  following  materials  still  retained 
sufficient  breaking  strength  (thumb  test)  to  warrant 
their  continued  exposure. 

SUN  EXPOSURE 
Ilruw  Tknt  Dl'UC 

C-.'it  F*re-,  water-,  weather- resistant  finish  — 
no  fungicide 

C-.’i*  Uop))cr  naplithenate 

('-S3  Copjicr  naplithenate  and  hydioxynaphtheurtc 
C-.’it  Control — no  fungicide — two-bath  xraier 
re,iellent 

C-.*>6  IMier.yl  menuritriethaiiol.-.iniiie  lactate 

hlutiT  Cotton  Siikcti.no 

6  PC  Pyridyl  merenrie  chloride 
10  Phenyl  mercuritriethanolamiiic  lactate 

SHADE  EXPOSURE 
IIkavy  Tknt  Dl’i  k 
C-62  Copper  uaphthenate 

C-33  Copper  naphthenatc  and  hydroxy  naplithenate 

C-lifi  Tetrabroni  ortlnxrcsol 

C-37  DihydroxydicblorodiphcuylmeUianc 

C-38  Cipiter  ammonium  fluoride 

60  Copper  8-hydroxyquiDoiino 

('ottos  Sufftik* 

C-2  Control — no  fungiciile 
C-3  Control — no  fungicide 


4N6  Copjier  na|»litlicnate  applied  as  emulsion 

4NII  Copper  naplithenate,  vopper 

liydroxynaplilliciiale 

4C  Copper  applied  in  liydr.  arbou 

solvent — water  repellent. 

Cfl  Control — no  fungicide 

?P  Copper  ammonium  fluoride 

8  Nylon  netting,  urea  furmaldchyde  finish 

10  Phenyl  mcrcuritrietliauolaiitiiie  lactate 

10X  I’benyl  mercury  salt  of  2-mcrcapto 

Wtuuthi&zole 

Ry  comparing  the*1  rumlt*  with  tlie  conclusions 
derived  from  the  exposure  test  ^ftor  16  weeks,  it  will 
be  seen  that  the  treatment  which  showed  l>c*t  |«cr- 
formano<5  in  the  entire  period  were  among  those  which 
wore  judged  satisfactory  un  the  basis  of  the  re*nlt3 
uf  t6  we  Aid  exposure.  The  faet  that  more  sample* 
remained  in  tlie  shade -exposure  series  indicate*  that 
jungle  shade  unee  not  impose  conilition*  as  severe  a* 
those  in  sun  exposure.  This  contrast  is  probably  pri¬ 
marily  due  to  the  reduced  effect  of  oun light.  Among 
the  compounds  which  gave  the  beat  protection  in  the 
slinde-exposure  series  are  copper  liaphtlitmatc  anil 
Kipper  liydroxyiiapliilicuate.  This  applies  to  the  light 
cotton  sheeting  a*  well  as  the  lieavy  tent  duck.  The 
light  sheeting  samples  w»th  cnpjter  naplithenate  treat- 
ii tent  were  hmrv c*ied  frotii  Sun  »-*pu*uiv  at  »J»i-  28- 
week  period.  In  contrast,  the-<o  sample*  still  remained 
on  shade  exposure  after  60  week*.  However,  ‘.lie  eopjier- 
naphtbeiiate-lrew*ei|  lieavy  tent  duck  still  ret  *ined  con¬ 
siderable  break  mg  strength  after  60  weeks'  sun  ex- 
]ro*urw.  On  the  light  cotton  these  treatment*  were 
applied  without  the  screening  pigment*  which  were 
applied  with  them  on  the  heavy  tent  duck.  These  re¬ 
sult*  strengthen  and  confirm  tlic  indications,  whMi 
were  apparent  after  16  weeks’  >.  xpoanre,  that  fabric 
deterioration  under  field  rtiwHtioim  can  result  from 
the  action  of  sunlight  ou  the  fungicide  or  some  other 
ingredient  of  tlic  finish,  tlierohy  bringing  about  ilicm- 
ical  dc'rrioration  of  tlie  celluloee  iUelf. 

ut  Addition*!  Jcxpoaurr* 

The  Office  of  tlie  Quartermaster  (Jeueral  arranged 
to  have  a  duplicate  srriea  «;f  ii.*«e  experimental  t  x- 
t  lie  panels  ex poerd  in  Florida  a*  well  as  in  NewHniiiea. 
It  was  not  possrUa  to  follow  the  nwults  cf  cxcli  of  these 
expraursp  as  cloaely  as  the  exposure*  ir  !‘a:ia«na;  con- 
seqoently.  the  roanlta  cannot  be  analysed  a*  thorough 
ly.  It  ca"  hat,  hnwsvsr,  that  the  Mural  iwrforiu- 
anee  of  the  individual  protective  treatments.  ir  tbo 
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ease  of  these  two  additional  exposures,  closely  |xi f ai- 
leled  tin*  |ierforin*ucc  in  the  Panama  test.  The  data 
which  are  avaiiatdc  uii  these  two  additioi  a!  exposure* 
arc  being  evaluated  and  compared  with  tin*  result*  of 
tlx-  ex]\»nrc!i  iu  Panama. 

The  Office  of  the  Quartermaster  General  desired 
to  extend  the  field  testing  program  which  was  under¬ 
take  by  TPAC  after  the  eompletiuu  0/  the  original 
test  in  Panama.  On**  j*hv**  the  Quartertnaster 
program  iiivolud  a  repetition  of  the  exjioeuro  of  the 
original  textile  panels  but  under  cnmlitiona  which 
more  closely  approximated  actual  service  condition*. 
The  result?  arc  now  lading  finally  studied  but  front 
early  indication?  the  jierforiiiamv  of  the  various  pre¬ 
ventive  tieatmcnta  again  dowdy  paralleled  the  ’Tsiilts 
of  the  original  exposures.  An  objective  of  the  later 
Quartermaster  ■;5j*>oiires  was  to  dele* mine  more  pre¬ 
cisely  the  role  of  the  individual  component*  of  tin 
fiuidi  appliid  to  fabrics  ond  to  gain  u  more  extensive 
knowledge  of  the  biological  deterioration  of  fabric*. 
For  thi?  purpose  a  more  extensive  set  of  experimental 
textile  panel*  was  prepared  and  the  exposure  eonui- 
tions  to  whi'di  these  sampler*  were  subjected  were  mod¬ 
ified  in  the  light  of  knowledge  gained  from  the  orig¬ 
ins)  exjiosuro*.  The  results  of  this  phase  of  the  pro¬ 
gram  are  alee  currently  being  studied  and  amalyzcd. 

*-s  RELATIONSHIP  OF  BACTERIA  TO 
DETERIORATION  OF  TEXTILES 

Investigation!*  to  determine  the  significance  of  bac¬ 
teria  in  the  tropical  deterioration  of  textile*  were  also 
conducted  by  tho  Panama  Science  Mission.  ’I  liese 
field  ?tmlie*  were  made  over  a  periml  of  alwut  eight 
weeks  in  contrast  to  the  longer  duration  of  the  studies 
on  fungi  which  are  discussed  above. 

Hie  results  of  these  studies  on  bacteria  arc  given 
in  t)SRl)  Report  4806,*  wliith  is  the  basis  for  the 
summary  giv«..  in  the  following  sections.  The  bfctcria 
which  were  isolated  during  the  coarse  of  these  jnviw- 
tigation*  were  the  nucleus  of  the  Baitcria  t’ultnrc 
Colic*  tion  [BCC]  which  ’xa*  csta!»!isl*cd  to  identify 
the  organism*  and  to  prose .  r  them  for  future  study. 

Identifications  of  the  bartcia  which  were  made  hy 
ItCC  are  reported  in  OSIll)  Report  568?*  and  are 
discussed  in  Section  '^.3. 

ai  Fret;*jcncy  of  Bacteria  0*1 

Exposed  Fabric* 

A  ^a*.rstit«*ive  estimate  of  hartrria  present  on  de¬ 
teriorating  samples  was  considered  important  in  draw¬ 


ing  coin  Iumoii*  regarding  th?  importance  of  luc-tcna 
ill  the  doterinrnt  ion  prooo-w.  For  him  1  ty  reason*  it  w a* 
necessary  to  restrict  these  quantitative  studies  to  only 
a  few  sample*  of  the  treated  textiles  which  are  enu¬ 
merated  in  (Section  4.4.1.  Three  sample*  on  which  the 
quantitative  studies  were  made,  as  well  as  those  other 
sain  plea  from  which  bacteria  wvre  isolate*!,  are  indi¬ 
cated  in  OS  III)  Rcjwirt  4800.* 

C K Ltr MWK-I)E>  X) w posi  xu  Kai  *TttUA 

Twelve  samples  of  tents  and  tarpanliim  in  use  111 
the  Canal  Zone  wore  studied  for  the  presence  of  eel- 
lulose-dtvtnnpoiiiiig  Itactcria,  am!  from  the  majority 
of  these  samples  fidne  definitely,  two  probably)  such 
bacteria  were  isolated.  In  general,  the  abundance  of 
these  bscteria  appeared  to  I*  directly  correlated  with 
tiie  degree  of  dotcrmratinii  of  the  sample*. 

Studies  on  the  treated  experimental  panel*  revesle*! 
that  after  a  «di>.rt  period  of  exposure  la  soil  <?  >11  tact, 
bacteria  were  present  in  large  liunilwirft  011  fabrics  to 
which  no  fungicide  or  water  repellent  w>s  mldcd.  t)n 
the  fabrics  tc*tcd  which  had  been  given  either  or  Imtli 
of  the*c  [rch.nients  th«  bacterial  nuni!»er*  were  al  a 
low  level.  Test?  on  a  few  fabrics  aftei  fmr  weeks’  mr 
exjsrtmre  indicated  that  bacteria  wi  re  present  on  all 
samples.  Samples  wliieh  lia*l  lawn  given  s»:i  exposure 
contained  in  genera!  leas  than  1<M)  barter*?  per  gram 
of  fabric  white  samples  which  had  Itceii  given  rim*1* 
exposure  showed  as  many  a*  1,006  'nact**ri*  gram 
of  fabric. 

A  total  of  14,1  isolation#  of  *  *  Hnh*s**-dc -com jawing 
bacteria  were  made  from  the  various  samples  studied 
i;i  Panama. 

Baithiia  Otjiek  Than  t'uu  uihi;- 

l)rroMiu#iso  Fo«m» 

Isargc  numbers  of  these  li«cte*ria  were  found  (u  lx; 
present  tin  all  samples  studied,  whether  they  were 
from  tent?  or  tar|wulin*  lu  ns*'  or  from  tl>e  treated 
cv*  rimeulal  fabrics*  Table  ?  of  DSHD  Hrjwirt  1806' 
indowtes  tic*  numUra  of  bacteria  per  gram  of  il lit k 
which  were  found  oil  th.  different  cx|ieritnenUl  tex¬ 
tiles  under  different  expewurr*  with  tl»c  use  of  three 
different  culture  media  for  isolation.  Number*  range 
from  a  low  of  1.10  thousand  p«  r  jram  of  duck  to  a 
high  of  61  million  per  gram  of  duck  for  uniplc*  ex¬ 
posed  in  air  for  period*  of  four  to  six  week*.  With 
reference  to  these  noniellulos*-de«snm|«  sing  hartrria, 
fabric*  which  were  protected  by  a  fangn  i*le  or  water 
repellent,  or  Is  tli,  rtmwed  far  fewer  ha<trna  than  fab- 
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rira  wliu-h  litul  Ixvn  given  no  prevent.u*  treatment*. 
In  all,  a  total  of  175  isolation*  of  these  noneellnlnse- 
dwoni|K«ing  haetrriu  wca*  mad)1. 

*  sa  Significance  of  Hactrria  in 
Fabric  Deterioration 

The  sign i loanee  which  eelluh»8e-dee<oiii|x>.*ing  bac¬ 
teria  mat  hold  in  (lie  deterioration  of  fabric  i.«  obvi¬ 
ous,  and  in  the  I’asama  field  studies  these  forma  were 
present  in  large  number-  on  fabric*  which  showed 
marked  deteroratitifl  ay  c -dilated  bv  decrease  in 
breaking  -trengtli.  No*m  iiulnw-deeinn bacteria 
were  |mwm  on  sample-  after  four  or  sit  wevka'  air 
ovjxwvirc  in  am  li  large  -  tinber*  that  it  set-ins  they 
i  u>\  play  mi  important  p  i  in  the  initial  *tage  of  de¬ 
terioration  of  treated  fahm-s.  At.  a  rianlt  of  this  it 
was  KxiggiMted  that  the  iion-,\*IUilia*e-<leeoiiipwing 
imetena  may  muae  .lest  r  in  turn  of  the  treating  agent* 
wliieh  lire  applied  to  fabric*  Mon*  t-an*<iiig  u  reduction 
in  fimg Vidal  value  and  p  -iWy  inctvu  -ing  »  t«  mi-«d 
deterioration  of  the  fabrii. 

The  program  of  the  Tropical  l!«f  or  io  ration  lh«*«areh 
Laboratory  'Tl'Bo]  of  the  I’hiladilphh  Quart*  r- 
master  Upot  which  hm  !***«  n  aiimm»ri/itl  in  eim'tioii 
>  H  imlii  led  com  prehensile  'tniie*-  of  bacteria,  jiar- 
touhih  eellidom-'letsinijamiiig  forms.  Theft'  -tt.dio 
itmeernrd  nutritional  mpi i tvments  and  optimal  eon- 
dit«*r-  f  ir  growth  of  these  organisms  in  order  to  gain 
infm  .nation  whirl i  would  1m*  applicable  to  U*t  method* 
and  which  would  Vied  some  light  on  the  significance 
of  tlioa*  form*  in  tW  lirterinratnm  of  fabrics  ui.der 
plat’ll  nl  isimlilii'ija.’  fhi-  work  also  ineluded  t<*i*  to 
leternuiii'  the  *  ffirtiveneae  of  conu-n  n  is!  *pf-lii  ationa 
of  dltTerent  fiii;giciih»#  on  the  few  r-sn  ier**  which 
studied  in  detail  *  The  result*  indirat-xl  t*"»  e  .»«yn 
tratioii*  <>f  fungn-idwv  which  're»v  inhiL.n*ry  t»i  f »i- * 
w*ne  also  inti  Iwtury  hi  baeteii*  Ti.o  venation*  U 
tween  tUn  n'*  '{nm**  nf  the  im.-teria  os»*l  e.  fungus 
mted  a  a  check  were  no  greater  than  t'n^e  vl.i.li  ordi¬ 
narily  occur  bet »n  n  two  or  muni  speech  of  fungi  in 
rogard  to  iheir  reftatains.  L>  ditlcrrot  fnpgirtje*.  Some 
of  the  •'e-idr.s of  t?n  Panama  fold  studies  eonfwrtt  th’.s- 
fart,  sim-e  baetene  p.-ofcul  in  fewer  number*  >n 

fr.ngn  ntaliv  Uoafrd  lubrit*  than  «i>tn  those  whirl 
hud  lid'll  given  no  fungicidal  treatiumt  fu  spit*  cf 
these  r  -nlt>.  i*  set  -n*  tf Jit  boraui-e  om-ce'll'-l-fti  <h 
cornpwiiig  W’f«na  w-.v  f-n.nd  on  'k>*!i  tinted  and 
unto-  -  tad  fal  rii-a  in  fiml-  pmrf'/fionf  fuifcbars,  even 
«rUr  n-Iativrly  ah-rt  ev-w-niri  p~ned“,  further  <rvra- 
t  yi!  r-u  ef  tlw  i  vs"!  ink  of  tliejs*  or^anistna  in  Ur* 


deterioi*};  n  of  fslirn-s  is  warraiitisl.  T'hi-n«*  notu-el- 
luhwu-dissinijxjeing  forms  include  far  greeter  until 
hers  of  iiAetena  and  rhow  a  in  mb  wider  range  rf 
I'liarictenslie-  and  pro|xotie-.  than  do  the  I'ellnlose- 
ihs-ompi-ing  form*  which  would  Ik*  significant  prob- 
thlv  only  in  the  deft  ruction  of  the  falirie  itself.  If  ii 
could  lie  shown  that  these  noiieellidoftMii-i'oni|Nsdng 
forms  can  somehow  render  protect ive  ireatmeuts 
inelfoetive  against  fungi,  the  nml  f.ir  prote*  tive  meas¬ 
ures  again«t  them*  noiHsdhdosi  -deioni|H»sing  Isactcria 
woidd  tx»  eatnWVlied. 

THE  EFFECT  OF  COITER  NAPHTHENATE 
ON  THE  DETERIORATION  OF 
COTTON  FABRIC 

Preluutiiarv  enU-int*  mdiiatnl  that  i-o|»|kt  imph 
ihenetr,  the  fimguvdc  hi  wnlelv  listed  hv  the  Array  and 
Navy  oil  .'Will  iter,!*  as  tentage  ami  Uirpuulin.-,  mav 
il«i.lf  eojitrilmte  to  a  redm  tinn  m  the  ti'n-ih*  strength 
ot  the**?  fabru  *  wtien  e\|s»si*<|  t«.  sivnhgtit  slid  w-vtlnT. 
I'jmn  tin  rix-nmnicndstim  of  il*c  'rlt.\t  .mb .commit • 
t»x  <11  Textile*  and  Cordagi  i-<a)|>erative  ’ini'*tiga- 
tiona  to  dstirmiee  whetlnr  i  i  ti« -l  •  otiiiuen  ial  <npi*er 
napnth  n&ie  ae«*lerate*  the  ilelorioralum  of  cotton 
Were  arrangeil  with  the  National  Pureati  of  Standard- 
fXtlS}.  Theae  studiis'  imolvad  eiteiunre  Uboratorv 
<<*»t*  and  anali -c*.  a-  well  a-  outdoor  e\|s««ures  of 
<•' j-  rina-iital  fabrics  untler  tin-  ditfemit  cl’inatii 
eon  dtinus  of  Wa  hingtoii.  I>.(‘.,  t'n  kerson.  fdanUmt, 
?fevr  On.-ans  l/mi'dma.  and  Yuma,  Arizona.  It  wa* 
n-  t  to  la  rxjieitiai  that  a-i  inmie  liate  aohit’on  of  the 
push  cm  wnui't  Im>  aihievetl,  but  a  good  stall  iis«  fx*cu 
irssw-tr,  a:nl  Nos  in*  ad*  tnivsnipletc  the  mnwligations. 

Fro"’  an  ■oiaU«i»  of  the  data  obtained  thus  far/  the 
fo!hxm-g  i  ii  fn#n>i*  were  dravri 

1.  Tin  •  ■}*}■*  ti*|4i*l  -  i.*tf  on  tils  d-n  k  »c -eSeratwl 
ila  (k^cr.Mauaa 

?.  T’»  grs'  dink  w»*  won-  -ta'di  ihsn  lit  o|»j*i 
ftr.j hrto'oste-  treub  1  dink  except  wheie  tin  re  is  i  vi- 
i.'ertr  fSmdity  ranlt*)  of  mildew  aeiw*n  (V.w  Or- 
!e».n*  teat*  I 

M  (*«■*  of  .s*pf*-r  frn  tie  ■op|«er  ea  plat  lunate 
tre*te.i  dii, 4;  is  attril  ta-'  M-'t  eadv  t-  hwiking  i*s 
ram  bi  t  i-i  other  iaa*<  (V  b»r*  wa-  it  jw  *wit  ,u*m 
is*  eopp  at  ^  -  r  i  m  me  ret  -It  <•*  s  «f  *  i}ws*  -.ie 
ism  ib-r-nbi  im  •  mm  fell  morie  ,  t;  at  t  >  — .  i 

4.  Isxal  difT  (is,*  ii  roTvlitioca  of  f*p«e«re 
( !Ya«hin«rU»p  ami  !>■  kerw-n)  m«j  a  fieri  the  neutla 
„f  i-,(.c  i  wiw’iMr. -1  t  a«  great  of  grea'sT 


THR  EFFECT  CT  UCHT  ON  FAN  SICS 


dm ii  geographical  dilTcrcuees  in  cliinaie  ( Dickerson 
aud  Yuma). 

An  effort  wa*  made  to  prevent  or  redact*  the  accel¬ 
erating  art  ion  of  the  copjwr  naphthcuate  with  antioxi¬ 
dant#  (p\ rogallol.  hydnupiiniiie,  alphauaphthol)  and 
with  au  inhibitor  (phenyl  salicylate)  lmt  no  rnlue- 
lion  in  the  rate  of  deterioration  was  obtained. 

Swine  data  were  obtained  oil  the  weathering  U*- 
liavior  of  copper  naphthenate  on  cloth  of  different 
weight#  with  and  without  the  addition  o{  a  wax  water- 
proofii^r  compound,  but  these  at  ill  remain  to  be  an¬ 
alysed.  There  «l*o  remain  to  lie  completed  the  final 
te«ta  ;<»wl  unalvsc#  of  exposed  fabrira  which  were 
treated  with  (1)  laboratory-prepared  cop|»*r  iiaplt- 
the  note  free  from  cop|/cr  mlplute,  naphthenic  acid#, 
etc.,  (2)  naphthenic  acids,  and  (3)  laboratory-pre¬ 
pared  copjicr  naplithcnate  pin#  copjier  sulphate  and 
1  jK*r  cent  ]M'iitflchloroplienol.  The  objective  ill  tluwe 
cxjnnmre  tests  was  to  contrast  tin*  perfornunco  of 
commercial  applications  of  copper  naphthenate,  hav¬ 
ing  vrinns  impurities  present,  with  the  purer  labo¬ 
ratory-prepared  conijiomid#.  The  laboratory  mirin 
steal  weathering  testa  wlrdi  were  performed  on  this 
senes  of  treated  fabric*  did  not  correlate  with  outdoor 
exjxwurcs. 

«  KFFKCTI VENESS  OF  COMBINATIONS 
OF  FUNGICIDES 

Ujarti  the  reeunti"  •dation  of  the  Snbeomi  itiee  on 
Textiles  and  Cordage,  cooperative  teats  with  KHS 
were  al«*o  undertaken  to  determine  whether  mixtures 
of  fungicides  arc  a  satisfactory  aulutitute  for  fungi¬ 
cides  in  limited  supply,  and  to  extend  tin*  uwjfulitea- 
of  fonjricWw  which  arc  good  rot  r.wist*r«  but  wl.it  h 
afford  little  jmde-Mon  again#!  surface  growing  organ¬ 
isms.  A#  with  the  investigations  on  rop^ajr  uaphtlo 
litre,  thewe  still  renain  to  be  completed,  hut  it  i?  the 
intention  of  NHS  to  continue  them  ax  a  port -war 
project. 

It  w  iiidu-ited  hi  a  brief  awiriniwiy  which  has  been 
liui.de  of  this  work*  that  in  these  investigation#  nearly 
all  tlic  available  fungicides  and  mixture*  of  some  of 
(hem  w«rc  rated  with  r***peet  to  tungindai  efficiency 
s  R.'i)  •pp!»..t  •/>  xo*,ia  doth  *n  a  arrir*  of  com-  n  ri- 
lioiu.  The  eva'.ui.tion  tc«ts  empk  ved  w>r*  pur**-cultnre 
te»t*  n*irg  the  organism#  Chaftvmivu i  gtoborum  and 
.{upfrytHut  nigrr.  The  treated  fabric#  were  tasted 
•>«  i#”  ami  after  rrpoanre  to  »o*(l,:ng  and  laboratory 
w-..«Ui  '•  Ing 


*1 

(  loths  containing  over  0.5  per  cent  copper  m  ilu* 
form  of  copper  itaphthcnnK-  ami  cloths  containing 
tiier  1.0  |»*r  cent  of  pyidyl  mercuric  atfarrte  were 
rated  ts»eTleut  in  all  thr  test'*  whether  the  fungicide# 
were  used  an  civ  or  in  mixture*  with  other  fungicide*. 

Experimental  rloths  which  contained  the  following 
fungicides  in  amount  *  above  those  noted  were  rated 
excellent  when  tested  *’as  is”  lint  were  given  a  lower 
raiing  after  one  or  more  of  th>*  ex|a>#tire  treatments. 


Copper  phenyt  tiapothensle 

o.t'4C*« 

D*hydro*ydK*t»lor  *ii  lrfuoyt  met  Kane 

1.0% 

Cojiper  oJsr.tr  0.8%  Cu  and 

dibydroiydwhlorodiphrny  t  met  tune 

1.2% 

Copper  pheoyi  naphthenate  0.2%  CNi  and 

dihydroxydictiiorodtphenylinetiiaiw' 

n«r' 

PNwiy*.  napli(h«mtc  0.2%  (Si  and  py-ridyi 

memuric  stearate 

0.2% 

Zinc  phenyl  naphvhen-vte 

1  0%  Zo 

Ilyamit^  3258 

t  0% 

Copper  i (henjt  oieate 

0  2%Cu 

and  dibyviroxvdichtorodiphenvlnirthane 

I.O'y 

t*henyt  merrunc  aeetutr 

n.i% 

Tctmhnim  orihocresol 

0.6% 

I*urari»cd  MC 

1.6% 

Pumtucd  KL 

1.0% 

°en  i«chinro|ibenui 

,n% 

v'lolha  containing  fimgicidc*  reported  below  were 
rated  poor  in  all  teats. 

Coppar  phony  I  olente 
Copper  oieate 
Com**-  tao.MiU 
Coppn  uOUte 
C  mantle 

(<*jiper  phenyl  «Wl«  and  rroeote 

Copt  ”*r  hvdo.  *>!'»(  dithr  nave 

Copper  and  cross  its 

Sdcth  lens  •iiu’-cytir  acid 
Bias«ibadoi 
FHawyt  •nlicyucc 
(Copper  Bleextto 
Zinc  phenyl  otsate 
Naphtliew  acid 

In  the  wo/k  winch  luis  Ivon  completed,  mixtii rr#  of 
fungi  hie#  ha»e  rr<  proven  t.  <•  tup  rn*i  I  •spmalrnt 
ainounta  t>f  the  mtu|HtuS#ul»  wtnn  nwd  alone. 

**  THE  EFFECT  OF  LIGHT  O.N  FABRICS 

The  problem  of  tw  otfftl  of  bgl.l  <m  fabric*  ocCW 
picil  tile  attmt  ip  (,f  *he  s  a  c'*r.tlUr  n*t  Irxtile*. 
ami  t‘«  n!ag  t*>  a  «■«  *ia.d*  iVo  iegne  and  all  available 
ltiforeifiir  'ii  #«  tb  *u*  je<t  wn»  ••jTrfc»r**H  tor  thr- 
group.  Crrtaiw  a#p*-t*  of  r hr  proL- m  win*  dire  tlx 
retail'd  to  th  *  *5  slid  e*  -‘p*»eT  ia*»  tb«  Me  a  1 

combi  nail  pa  of  fu*»  i>  id.-*  wheh  an*  r*f'd  **►.»*  Tb 
ree'iJia  of  the  Tara-ma  fGhl  I'vjsie'  whi^l  l’V'M.ratrd 
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that  in  sunlight  cxpisure  fungic idaily  treat  it!  fabrics 
jwrfonned  less  satisfactorily  than  control*  which  were 
given  no  fungiciilal  treatment,  emphasized  tin*  impor- 
laime  c.f  si  in  lies  «»n  tie  aition  of  light  The  desirability 
of  iwmguratiiig  tcparate  studies  e.-i  this  subject  was 
mitatdi-red  lint  licranse  uf  ihe  long  range  nature  of 
these  studies  and  tile  difficulty  in  selecting  a  suitably 
qualified  institution  for  conducting  theta,  as  well  as 
the  late  blage  of  World  War  II,  <f  wan  decided  not  to 
attempt  to  organise  these  studies  under  a  separate 
proj-v  t,  tint  to  ii;  corporate  as  many  aspect*  of  the 
prohltMii  as  ]»w*iMe  vvitli  those  in  vest  igut  ions  width 
wore  being  ivnducted  at  NBS. 

Valuable  fundauuittal  information  on  the  action 
of  anuliglit  on  cotton  cellulose  has  resulted  from  in¬ 
vestigation*  gjsjusorrd  by  the  OtVnv  of  the  (Quarter¬ 
master  ttencral.'”  The  adverse  effect  of  light  on  the 
tfitsilc  strength  of  cotton  fabrics  has  Iwmni  recognized, 
and  these  investigations  eoi  firm  this  fact  as  well  as 
tile  feet  that  it  is  the  ultra  |H>rtioti  of  the  spev- 
trii!ii,  rather  than  the  visible  jiortion,  which  is  r«q*ni- 
aihle  for  ttie  effect.  The  evidence  iudicat**s  the  occur¬ 
rence  nf  a  phatochei.iinil  reaction  which  is  indcjwnd- 
em  of  oxygen  coiurntratioi!  and  liuinidity,  hut  affected 
h\  temjwraturc,  ami  results  in  an  alteration  o*  the 
(•♦•Huloee.  The  products  of  the  photochemical  reaction 
are  capable  of  oxidatiou,  giving  rise  to  oxy cellulose. 
Thin  tiltravinlet  modified  cellulose  has  lieen  sliowu  to 
lve  more  resistant  to  attack  l»y  the  test  fungus,  Metar- 
rltiziimi,  than  nntmMrd  controls.  This  may  Ik:  ai- 
rminled  for  cn  the  basis  that  the  modified  relink**1 
jMi‘i*esscs  a  sitlistrale  which  affect*  the  fungal  growth 
And  is  HUp]s>rti-d  by  studies  which  demonstrated  that 
oxidized  relhilnH’  derivative*  are  fungi;.*  resistant. 
Mow  over,  the  im  rawed  rrsirtamv  to  fiingn*  attack  is 
riot  rmiaidercd  to  outweigh  tlie  harmful  elfeet*  of 
ultrnv  olet  light.10 

The  results  of  this  work  are  regarded  a*  unjsirtsot 
supplementary  information  to  other  studies  on  the 
‘lcterioratimi  of  cellulose  hr  imcmorewniatn*.  and  fur- 
nidi  a  lw.*ia  for  the  reported  field  observation*  on  tb 
inddew-rcsisiaiKT  of  cxjiosed  tents.  The  rcsidl*  also 
have  a  distinct  bcari  12  on  the  j  rubkiu  of  photorln  •*»- 
icai  ih'trriorati'oi  of  treated  fabrics  as  was  oWrved 
in  the  Panama  field  tests. 

THE  quartermaster  program  on 

Tift  DETER I.OR Allow  OF  TEXTILES 

In  addin*  «  to  th»  p^.tiiai  *»Kmwub  centering 
*r<  uru)  preses*  dc  eh-pmetd  and  evaluation  tchniqin-* 


for  mildew -rod-taut  tn at  moot*  of  textiles,  the  Quar¬ 
termaster  (Wj*s  organized  T01»l<  in  duly  1H4  4  at  the 
Philadelphia  Quartermaster  Oejsit  to  c  x  tend  the  fun¬ 
damental  knowledge  of  the  mi< morganism*  em-oum 
tend  in  tlie  process  by  which  damage  of  textiles  is 
brought  alsiut.  Tlie  exploratory  mid  ex|»erirnental  pro¬ 
gram  of  this  lalioratory  has  liven  directed  toward 
development  of  the  scientific  background  which  is 
f.'Kcntiai  before  furtlier  advances  in  the  juevention  of 
textile  deterioration  can  Iw  made. 

The  program  of  TlUtL  lias  furnished  significant 
fundamental  information  on  many  phase*  of  cell u lose 
deterioration  on  whiih  little  or  no  infurmati >n  pre- 
v inut-ly  exist'd.  A  recent  report  outlined  tlie  progress 
which  Inis  ls/cii  made  t<>  date  on  aspects  of  tlie  micro¬ 
biological  degradation  of  cotton  fabric-*,  the  mecha- 
iiism  of  degradation  uf  cellulose,  and  methods  of  pre¬ 
vention  of  iiiicroliiojogira]  degradation.* 

The  work  on  the  causal  hiologicai  agents  lias  been 
related  to  that  of  TF(V  and  IK'C,  which  am  dir  ussed 
in  Chapter  'i.  When  as  the  bulk  of  organisms  ii 
TFCC  were  derived  from  Panama  studies,  the,  major 
ity  of  organisms  isolated  under  the  Quartermaster 
program  were  derived  from  deteriorated  military 
equipment  returned  from  Pacific  areas.  In  addition 
to  the  isolation  ami  identification  of  these  organisms 
their  cellulolytic  activity  was  determined,  particularly 
for  the  fungi.  In  this  work  the  Quartermaster  labo¬ 
ratory  am)  TFCt  cisqicnited  closely. 

Studies  on  tin.  mechanism  of  degrad'd i  >11  of  ivil.; 
lose  iuvotved  investigations  for  dviernu  .mg  the  0)>- 
timiim  imiditi*  11  mr  the  growth  of  microorganisms, 
jtttrtu  nl.irly  those  to  lie  im  d  for  test  pitrjx/sc*.  Jn  ad¬ 
dition,  *ionipieh*nsive  studies  were  made  on  tlie  nutri¬ 
tional  and  cnvininnusitai  requirement*  of  ewllutolylic 
hat  Lena  and  fungi,  and  the  effevt  win*  Ii  tin1  environ¬ 
ment  exerts  on  the  resist,  mi*  of  fabrics  to  1  robio 
logical  attack.  (See  Section  J.fi  for  lla*  *  ffc*  t  of  light.) 
Investigation-  were  also  undertaken  to  determine  Hie 
•  ham  of  reactem*  which  occur  in  the  degradation  <*i 
r*‘lbihy«c;  these  involve  iMerininiog  tV  relationship 
U*tweoi:  nmhs  ular  alrmtnre  and  riiic(t>hiologicat  re- 
siatancc.  the  effect*  of  <»myiuc*,  and  nth*  r  atudies  per¬ 
taining  to  i lie  utilization  of  ullu'ofc  by  microorgan- 
lem* 

Attention  ha«  !>o*ii  din*  toil  b»  '*Ttaiti  ri*tri~ted  a»- 
l*ruof  aieilvil*  for  the  prevention  of  mu  robiologif  al 
dcgradi  tioii  <‘f  fahrio.  WciIkhI*  iiuolviiig  i**l]  t*  \i-  a*i#* 
t  fnngii  i  !<•*)  or  .perUti  enzyme  i tilt  bikini  have  tavn 
•tndb-d  ni\h  with  ry-pr  t  to  oertain  fi  11-  la  mental  rvfi- 
sid.  alum*.  Th«  impregnation  <<f  fibrin*  iuh  nncro- 
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Ml-rv»i*tant  resin*  lias  given  cji  von  refill  *r  re¬ 
sult  *  »u<!  the  jwteutialilic*  of  such  treatment*  are  nv- 
ojCtiiznl.  t 'onsukrablc  initial  siu  vs*  has  l«m  ex  per.* 
mevd  in  the  attempt  to  impart  mildew  mmtance  to 
fabrics  l>v  affo’ting  a  rfiemieal  nnxhtJi  ation  of  the 
erllidoeu.'  itself.  Test  fabrics  given  a  wide  variety  of 
dioriim!  treatments  in  w!i*f!»  a  ckcutieu!  combination 
between  the  ocIIiiIuh;  and  treating  agvn t  was  probable 
dwvYptl  complete  fungus  resistance  when  evaluated  hy 
t  htandard  procurement  teat.  The  possibilities  which 


this  approach  offer*  are  N'ing  explored  further.  On 
tlie  had*  of  there  wrty  results,  chemical  wodificalio* 
of  itdlubjce  nwy  pro«  to  lie  the  moat  feasible  approach 
to  attaining  a  superior  degree  of  mildew  rui  stance  in 
fabrics. 

It  will  lie  noted  dial  these  nne*liga*ioit*  winch  have 
occupied  tiic  attention  of  tire  tpiartcrmaster  Corjw 
arc  closely  allied  to  those  aspects  of  the  problem  which 
have  liceu  recommended  for  future  investigations  iu 
Chapter  10. 


Chapter  5 


THE  PROBLEM  OF  FUNGAL  GROWTH  ON  SYNTHETIC 
RESINS,  PLASTICS,  AND  PLASTICIZERS* 

By  Alfred  ft.  Hiovn*' 


INTRODUCTION 

kejuk'H  or  thk  bcmntifu'  literature  through 
If>44  meals  many  references  relating  to  the  de- 
Ur  riora  Don  of  textiles.  leather,  paints,  metals,  and 
V***]  product*  by  moisture  aud  fungi.  an  well  a* 
treatment*  devised  to  protect  these  tinder  it  I*,  but  not 
mi*;  publication  dealing  directly  with  tin*  tropical  de¬ 
terioration  of  plastic*  or  their  com|K>Ti«nta.* 

This  paucity  of  information  is  bv  no  means  une\- 
l*?cted  Is-rause,  prior  to  World  War  II.  plasties  were 
not  giving  any  serious  trouble  of  tbi>  natnre  in  the 
temperate  zones  where  they  were  most  used.  However, 
si  nee  1  f)  t2  the  Armed  Forres  of  the  lT.  S.  as  well  as 
those  of  Britain,  Canada,  and  Australia,  have  moved 
large  quantities  of  equipment  into  tropical  areas. 

The  deterioration  of  textiles  by  microorganisms 
under  tropical  condition**  is  easily  demonstrated  and 
hus  Ix-cn  (tetinitely  accepted.  A*  yet  no  aueh  agree¬ 
ment  exists  in  regard  to  many  type*  of  plastic  ns.iie- 
riHb  lb*cause  of  tbc  recent  origin  of  tbi*  problem,  as 
iv*’ !  |  Ha  the  rather  limited  investigation*  that  eon  Id 
ht*  earned  on  in  wartime,  isisidlieii  nl  data  have  led  t«> 
d *. tfereiices  of  opinions  regarding  rather  fundamental 
questions.  For  example,  in  some  caeca  co;<ehi>ivf  evi- 
iUmuo  thfit  microorganisms  grow  on  the  plastic  itself, 
mllicr  ihsu  on  surface  c*Hitan«ina:its  like  dust  and 
fingermarks,  has  not  yet  horn  obtained,  'this  is  due 
fei  |!v*  fact  that  no  efoctna  t  realm.  ti?  for  eloan'og 
plafittyi  ■without  removing  lubricant*,  vir..  Km  been 
fortlicowinw.  ;u»\  a*  a  result,  most  plutie*  are  te^ijeri 

'  VbndaM  irnm  flrtflf)  llrpwi  t*r»T 1  >A  »a;we  tlilr.  Detail 
rwfrsnbvi*  lh«  u*t  nw  !t  *fe  liwsi  to  tietcii, in*  fuoaat  nwastaner 
a*»d  a  wore  men,  ted  teat  given  at  ;*»r  iffigin*) 

r*r*ort,  are  omiUad  Kris*  isnd  diw.usred  in  CrMf-tv  H.  "Hse 
s^.bk'rr  *»  *b-r*i*»ed  here  »»^ra»ent,  •  ortew  *h» 

proMfm  »wt  bv*fyidrs  itunnwuwia  fW**otcd  m  OSH  I)  Bsonrt 
KVSJ?  This  <-t,BpVir  c&i  been  appro *-e*l  Kw  pu>**warW\  n 
\ts*Ur*  PUtrlit*  *  v  tha  1>S KJ)  Looum*  t<»  on  ruUiaatsHse, 
ami  the  00*10-  text  »  used  rwnept  Aw  cKanam  in  fnmul 
,’ftv-*ej'.rr:<  taaoeint*.  TDK'  .WibroreroilU*  na  .TtiUiwtM 
K*r*ov*.  JVlk*.  and  HnMmjers. 

‘Tw>  ertielfi  of  a  #«i«»d  nature  bora  rrmel* 


as  received.  Also,  even  though  fungi  do  grow  on  nu¬ 
trients  supplied  by  some  plastic  materials,  there  la 
considerable  don  lit  as  to  whether  either  the  properties 
o’*  the  cotTipodtinn  ,»f  the  materials  hove  actually  been 
altered.  An  even  more  controversial  question,  especial¬ 
ly  witli  reference  to  tbe  performance  of  plastics  in 
electric  equipment,  is  whether  fungi  and  moisture 
actually  cans*  a  greater  deleterious  effect  on  electric 
properties  *»f  plastics  than  moisture  alone  under  the 
same  conditions. 

The  NDH*‘  Tropica!  Deterioration  Administrative 
('oininitteo  [TDAC]  established  in  July  11)44  a  Sub¬ 
committee  on  Synthetic  Resin*.  Plastics,  and  Plas¬ 
ticizer#  to  consider  the  problems  of  tropical  deteriora¬ 
tion  of  these  materials. 


*  2  SUSCEPTIBILITY  OF  PURE  RESINS 
TO  FUNGAL  ATTACK  * 

The  major  component  of  aim***!  all  piasiir  mate¬ 
rials  is  the  polyuter  itself.  For  tins  reason  a  study  of 
the  fungal  susceptibility  of  tbe  resin  without  added 
plasticizer,  lubricant,  and  any  other  compment  ia 
important.  Table  1  list*  the  results  obtained  for  rep¬ 
resentative  materials  by  different  laboratories 

A  giance  at  the  results  shows  wl-y  syntactic  resin* 
in  general  have  flamed  the  reputation  of  being  resist¬ 
ant  to  fungus.  The  term  reeistant  is  used  only  tot  de¬ 
note  that  the  material  doe*  not  serve  as  a  scum*  of 
irU'ni  for  rhe  growth  of  fungi.  Aside  from  the  slight 
susceptibility  of  ref  I  ulnae  nitrate,  polyvinyl  acetate, 
nnd  melamnie-forniabhbyde  polymers,  syrtlirtio  mu  ns 
are  ii  dee*!  reaiitanl  to  fungal  growth.  However,  al¬ 
though  ihe  reshi*  theintcdvp*  do  not  sujqiort  aueh 
growth,  it  n.tot  be  remendvred  that  neither  do  they 
inhibit  it. 

In  v.ew  of  Die  marked  re**i4auce  of  pure  retina  to 
fungal  atta*  k.  it  ran  lv  Man  mm  1  (hat  when  pla*tn 
materials  supjsirt  growth,  the  addition  nf  other  com 
p*<iH*nts  i*  *Mo*t  hfcrlv  icsjHWisibl^  for  it  a  hj- 
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pothesis  wugcr#  for  the  future,  since,  a#  te#t  re¬ 
sults  infinite  whic-h  log  rub'eiit#  other  tlum  rea-iiie  are 
fui{Oi»-ri'Hii!Ant,  the  addition  of  such  coin|s>(ient#  msy 
give  rise  to  fuugu*-re»isfant  fda*tir*. 


T*»i*  ).  Funipal  resistant*  of  f*u*«  *yutheiic  issina.* 


Exteat  of 

Hutxtnnee  gmwtbf  laboratory! 


TbensopbMtie  materials 


CVUoIowe  sects  te 

B.A.A 

1  2,5 

Collutuse  Menu  outyrste 

A,  A 

h& 

Cellulose  t  ettU  prupiussle 

A 

1 

l.-MaAluIoas  nitrwtc 

C 

1 

Ethyt  ocBulose 

A. A 

1,5 

PolyMhyhse 

A.  A 

1.2 

1  'olyi  wtij-bnet  luciyU  t«* 

A,  A,  A 

1.2.5 

Pxjlystyrwae 

A.A.A 

1,2,5 

IVeiydhxibloiout  ^ttoc 

A 

5 

I'olyvi^yl  sxetsle 

C.A 

1,5 

Ptilyvinyl  bwtynd  XVSO 

A 

3 

Polyrisyi  rMoridn 

A, A 

1.2 

Poljrriayl  ehlonde  xetate  VYNW 

A, A 

1,3 

Poiyviwyl  chloride  aewtste  VYNH 
HisnsoMatUnf  materials 

A 

3 

A.B 

45 

!>h*&<4--fxniMddeb  yds 

A,H 

3.5 

VleJaiuwft-fimualdcbyile 

C,.t 

1,5 

l*  ren-t  or  luaklehyde 

A. A 

1,2 

•Whmar  the  km  win  bad  besa  taXxJ  u  UurM  kbarxturka.  ail  tk* 
i«dU  Me  Kirm  to  iodtnaH  Ik  #m|nc<  u  tfimiam  an  rat last  11hm 
iiUiwi  in  Dili  aajw  "EiImI  a (  <lr«nrth“  e;tk  Ik  aouroM  kud  k  tke 
am  ordvt  aeiir  "lalunlwr  tbe*.  (or  wHniuor  tnlttr,  It.A  A  uaikr 
"E«tm  al  Crtati"  loMoaol  l,*,#  uador  "Idxjnkfjr"  xoano  I  bat 
S'HM  ||)  r « tad  itaa  meierUl  R.  tMtkh  Mlsfctrjr  u I  ftu pfiy  (3)  rr tad  tk 
mueefcl  A,  asd  tho  Cr naval  KterXrir  C'u  t.J)  raUd  tbo  mntorkl  A 

tr«n#r'  X  no  sr-eeth  *  vary  aiigbt  or  IkM  C  UMakrat*  artrath 

JCnxJn  I  Vat) ami  Stowv  at  kimAnk.'  t  Drl-ek  ttieklr $  at  **ujjly.‘ 
1  Hoys  Tkn|»«  laatkato.'  4  S'inl  XoottA  taknurjr1 
4  Oxartal  fckatria  <'«a(>aur  * 


SUSCEPTIBILITY  OF  PLASTICIZERS 
AND  OTHER  COMPONENTS  TO 
FUNGAL  ATTACK 

Com|k*neiits  other  th«o  th#  pu^v  n#in  oonstiiiit# 
m  important  jmrtHm  of  •  phistic  material.  In  laa.i- 
jiatcxl  thernv-^ttmg  Baaferials  the  pit  u  usually  a 
itdluloae  material  like  linen,  nn'v,  or  paper,  or  an 
imirjftnic  material  like  wc«-«-n  gta as  or  Tin* 

nusx  cftihilil  v  x*f  tin*  former,  mi  Veil  at  the  iar’1  -cs* 
ef  the  latter.  t<»  fflkfrml  atUck  i*  »*<lt  known  With 
nw-ldtd  thermos*  (ting  materials,  the  filler  11  a# -ally 
<  <-«lliilxr»  ie  maUrUl  a«  sunk,  tvjw  f  arootl  Amir, 
cut  «ittn«  rWtth  t-r  ad  inorganic  ?»  atenel  Idrv  *4ettm 
£b»r  or  mix*.  Here  jram  Hit  M*»tw*r  of  tl« w  ■  -M*»- 
r»In  to  f  ngil  a  'ta  k  n  wall  kix**n.  That  afl  wool 
dob* n  are  am  njuaiit  »■— 


demonstrated  hy  the  Boyce  Thompson  institute.* 
Wood  llock  and  walnut-diell  flour  proved  more  su*- 
ccptibie  then  soft-wood  flour. 

The  situation  with  repaid  to  thermoplastic  mate¬ 
rials  is  different.  In  these  materials  h  wine  variety  of 
plasticizers  is  used.  Many  hundred*  of  rompouaxl# 
have  liewi  tried  «s  pla-*ti(ivrs  end  some  ISO  materials 
which  are  presently  in  u«‘  are  listed  in  tha  Plasticiz¬ 
ers  Chart  of  the  l‘la*tica  Catalog.*  Since  all  organic 
materials  cannot  lie  utilized  to  the  same  extent  as  a 
source  of  carbon  by  all  fungi,  it  is  to  be  evicted  that 
some  (dasticizers  will  la*  more  resistant  than  others. 

The  data  obtained  for  the  susceptibility  of  plasticiz¬ 
ers  to  fungal  attack  are  preae-utfd  in  Table  ?.  The 
compound!)  are  listed  ill  the  same  order  as  found  in 
the  Plaaticiaers  tliart,  three  geurrnl  ri&saev.  Oils, 
llcsiii  Plaatu  i/.c,  .slid  Vi  rcl!u,ieotis,liave  boon  added. 

These  data  can  be  iiwxl  as  a  guide  in  the  Rotation 
of  resistant  materials  for  plastic  formulation*.  In 
many  cases  where  a  uunilier  of  plasticizers  can  serve 
equally  in  ini|*arting  the  required  projwrtic*.  one  that 
is  rated  A  or  11  would  be  preferred  if  greater  funga! 
resistance  is  dcaiied  in  the  plastic.  Including  a  plas¬ 
ticizer  rated  H  in  a  formulation  would  rendei  a  plas¬ 
tic  risceptilde  to  aUa*k.  It  is  for  ibis  first  p  -oopc 
that  all  the  *])c<ifK  plasticizers  have  lawn  lifted  *  that 
this  information  may  rex-cive  the  widest  circulation. 

In  tlm  pliarmax-eutical  ami  nutritional  flcdib,  the 
relationship  U-twitui  pbvsinlxigiral  a,  tivity  and  ci  rri- 
ical  atntHurc  leecirxw  «  gcssl  deal  of  study.  In  this 
man  ler.  the  importance,  of  <v7U:::  fnnctionnl  groups 
i*  diaxoxertxl,  and  tailor- maxle  ntolcxulc*  arc  syntlie 
rizxnl  for  ajiecial  pur|*is*!*.  The  s-u  x-»ns  t*f  tin#  method 
in  ths  sulfa  drug  field  is  well  known  Hin  v  the  rutu- 
liimal  availability  of  1  arnuis  a  .l*stn»to  to  fungi  is  also 
a  physrdogiml  function  deiieoalriit  pmljatiiv  .*>i  ensvme 
srstx,n,M.  in  qiife  of  tin*  numerous  genera  of  fungi  in¬ 
voiced,  some  x'urrelatkefi  wnh  stricture  >boul-l  be  ap- 
psrx'rt  !r<*m  a  study  ef  a  ruAicient  ncmlwr  of  com¬ 
pounds. 

Study  of  the  data  with  this  latter  pnrpiwe  m  mud 
ix:a*J«  to  a  *  nmler  of  <v»x<  h»-..eiM  The  sinking  ji.*. 
ccptib.li t\  of  fatty  and  derivatives  n  «**-ilv  I’lacemol. 
llm*.  all  denvativea  of  Uunr.  oler-  ricinokstc.  und 
stewrit  a*  1 1-  are  ittw  k-l  In  a’  Vt«»n.  naturvl  t/U 
like  cas* or  a n<t  cxdtonms’  1  n*sdaini*ig  jgly I  esters 
of  these  i>  ib  arr  auv  4  life 

A  Psfex.s-t  "  1«t  *  a  pkstr  (hearts  xyiie  a* id 

41  rivsinr  !»»•■  *  is  'xt  Ik-x s  Ii-sird.  -  h  kit 

HidiWi  aw*  that  *k«iw  isils •  awaf  slrps1  a.ul 
drnislnfs  «>  •  tm  -  i  1  ilerAsti+s* 
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T»»t.*  2.  Fvnmtd  iu*fptibiUty  of  variou*  pktatioiaen* 

foUst  of 


Nftr>*e  Tirade  n*'  h>  eruartht  labocetoryj 


Able  tic  acid  <J»-riv»Mven 

Abietk.  »«d  .  A  4 

llydrugenaied  methyl  ahretaie  Prrpnlyn  A. II  1,4 

AixMiilJc  arid  derivative* 

“Viva-butyl  aeoaitnte  . .  C,A  1,4 

Triethyl  soonitato  .  .  .  II, A  1.4 

Attipie  ae k!  derivative* 

Ui-(l,3-dune'hyi  bitty!)  adipnir  .  H  4 

Dt-d-ethj  I  bexyl)  adipate  . .  A  4 

Aae-Uic  arid  derivative* 

I)i-{**hylene  (dyool  monobutvl  etWr)  nielnte  Dibnfyt  CelloNvive  axclate  It  4 

Dv(2-elbylhexyl)  ivtUtt  .  A  4 

licuaoic  acid  derivatives 

Kthyl-o-benaorl  benx  talc  Keloftonc  R  A  1 

Hetuyl  benaoate  .  .  .  f  ■  l 

Chlorinated  hydrocarbon* 

Mixture*  nf 

chlorinated  diphenyl*  Aroebhjr  1212  A  4 

chlorinated  dijihenyl*  Arochlor  12-18  A  4 

chlorinated  diphenyl*  Arochlor  12A4  11  4 

chlorinated  diphenyl*  Arochlor  12112  A  4 

chlorinated  diphenyls  Arochlor  120.1  II  4 

chlorinated  diphenyl*  Arochlor  1270  A  4 

chlorinated  diphenyl*  Arochlor  MOO  A  4 

ChUirinaterl  paraffin  CMorowarc  A  4 

Chlorinated  paraffin  ( eretlilor  A  2 

Citric  acid  derii  itives 

Tri-»*fculyl  citrate  .  . .  A, A  1.4 

Triethyl  citrate  . .  A  I 

Glycerol  derivatives 

(liyemryt  triacetate  Triaoetin  C,C  1,1 

Glycol  dsnvaliva* 

Dietriylmr  *lyeol  ethyl  ether  acetate  Cariritol  acetate  C,fl  1,4 

Diethylcoe  ulycol  butyl  ether  acetate  llutvl  Carhitol  aortnte  II  4 

Diacrtate  of  2-oit«.»-!J>weUiyl-l,3-i>rofi*nedW  . .  A  1 

IhprupioMaU  of  2-nitro-2-ui»'thyl-lI.,l-i>roTWHCifiol  .  A  1 

Ihrthyteor  idycoi  diproimiuate  KP-45  A  1 

Trhthyleee  riyeel  di-CJ-etMliexuete}  Heard  .*50  V.A,  V  l,:t.4 

Triethjietai  tiiyeol  di-12-Hhylbutyrate)  Hrinl  SOI!  A,A,A  1,3.4 

Polyethylene  giycui  200  .  A  4 

Polywthyien*  riyeol  JW)  . .  1.  4 

P<Jyethyle:*e  fiveol  4C0  . . .  A  4 

Polyethylene  glyad  1M0  Carbowaa  1600  A  4 

Piiyetliyienr  ily  col  SQOtl  ( ‘arbowax  MOO  A  l 

Polyethylene  |dyis4  (fi^-ethylhe.ruAln)  Herr 4  4<»4>  A 

L  lyexdic  arid  derivative*  , 

Cthyl  pMbsiyl  ethyl  fdyentate  banticiae?  L>15  4’  1 

.Verir,"!  ph;tu:»I  ethyl  y’.ycoUie  riantietaer  \4-17  It  1 

Muhvl  priihaiyl  n*thyi  &tyeol*u-  .  ft  4 

llutvl  pbtltaM  butyl  ^yroiate  Suiticijer  11- IS  C.O.A  1.3.4 

loorie  tvvl  derivatives 

rul'd  !aunt«  .  .  D  4 

Kujylene  td>n>4  bun  e  .  ....  I)  4 

KUivtecie  triye'-l  ethyl  ether  laorate  ( '«dW»*4w  laurate  l)  4 

lActb/ime  idvrol  manolsumi*  .  O  4 

Dielhytene  glynol  elhyi  ether  laumle  (’arlatol  laonie  I)  4 

tUyceryt  Uurate  .  O  4 

Nortaato.  la  urate  H  * 


•  Vi  her*  Ikt  *•>  I>)a*liri«e*  m»  Iwe*  l*at«*  U  JlltrrM  U!m  atari**,  a*  l>*  raalu  r***taail  m  WM  ial*  t. n r *4  4  DneU  *ht  "» 
Ualwl  ta  »W  aaaa  ante  'hWinf)’.* 

K'nl>  A  M  ■  •«*/  *HeM  nr  hrial  C  »e4n«t«  n»«'l .  D  M*y  *a4  •»»r  *»a»r  P»*'k 

*  Xiimm1  Rwnv  at  ItliadwAi  1  J  enak  Waino  4  c*4>-’T  *  *  *ayr»  TV— »i  i  iMrar  ,'  4  N.val  llaarC  t*k.**r-r»  1 
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Tiei.K  2.  Fungal  susceptibility  of  varioun  plaeti dun  ’oo&tinijrij. 


Name 


f  W*c  a***!  derivative* 

Dibutyl  ammonium  abate 
EthyVae  gjlws*!  roethyt  cthor  oicate 
NtU  *ie  from  oleic  and  linoleic  acids 
tvirbivJ  olente 
Prntaerytbritol  derivatives 
Dipontwrytiritol  hexaacetate 
Dipentaerythrito’  bexsjrojiioorto 
Dipeataeiytliritd  hi-x,iinil>Tate 
Peataerythritol  disceUte-dtlHiiyrote 
IVirtaslythritol  diaratate-dijnnwo*  ite 
Peblaerythritol  mofioaov  La  te- 1  ripvo|  soria  t* 
IVstaeryUiritol  triaceUte-uumoprofiionate 
I’entaerythritol  tripmtjioRM^-moni miyrtulate 
Peataeryt  tiritui  tetralwiyrate 
Peataerythritol  trtraprnpioiwt* 

I’lwspboric  acid  derivatives 
Tricthyt  (dusphate 
Tributyl  {ih<Mpbate 
Tri-CJ-ethylbcicyl)  phosphate 
Tripimayt  phosphate 
Tributoxyethyl  phosjdiate 
Trwreayi  phosphate 
I  ri-(2uutro-2-ii*ethy  Ipropvt)  phosphate 
Diphenyl  mono-(p-terU-butytptmnri)  yiuephat* 
Massophenyl  di-tfMert  -butylphenyt)  phmphaie 
Diphenyl  mooo-(o~rl»ioroyK*enjrl)  f>hosj  liate 
Dipheojd  nwao-e-ieml  phnepoatc 
Di-e-nmyi  moaopheayl  phtephaU 
Tri-(y-tert.~butylphenyl)  j4«j<n*hate 
TrMs-ahlarophenyi)  phu*j>hnt« 

Tri-(e-*eny1)  phuh|»hate 
Phthalic  arid  derivative# 

Dimethyl  phthslale 
Diethyl  phthai*U 
Di-»*-p*opryt  ph.  dlste 
Di-uwpropyl  phthalate 
Dibu'yl  pMaiitt 
Dt-<nobut)1  |4uhalate 
Diamyf  phlhaktU 
JXhetyl  phthaUt* 

Dicapryl  phthalate 
Diuetyt  ph*h.d*le 
Di-t2-etbylhexyl)  phthalate 
Dsrydohmnrl  1 4i:  haUte 
lilMirt  phlhals* 

Dipheayl  phtha’.oe 
DUmthi  ^syl  pfethdair 
Ihathcnryethyl  phihalste 
Dt.wtovyethyl  p6U*.iv.e 
Methyl  'Amelhyi  t  ei‘e*-p*nr>4  phth  state 
t^yVi-raeUyeliatRvpropri  |thlhal»le 
fh.tyV.2  mrthyV2-*Hru-pr  jpyt  phlhaiaU 
iW-iriethUmr  dr  *4  ethyl  »'hwr>  pbthaUi* 


K*tent  of 

Trade  name 

gnrwth  t 

Laboratory  £ 

Methyl  t'ellowrfve  oteate 

D 

V 

4 

1 

NTD-1M.MJ 

1) 

.  •  . 

D 

4 

A 

11 

1 

1 

A 

1 

.  ..... 

V 

1 

V 

1 

II 

r 

1 

1 

C; 

1 

t: 

l 

<: 

| 

Trior  t  riphosphate 

A 

A, A 
• 

e  a 

1 

1.4 

3 

•  «  ....... 

A 

1 

Tnbutyi  t'ellosoive  phosphate 

A 

4 

Kronitet  AA 

A  i  Ap  A  f  A 

1.2.3, 4 

I  i*  Flaetieuer  1 

A 

It 

1 

4 

Dow  Plasticiser  2 

A 

1 

Dow  PUstieiu-r  3 

A 

4 

Dow  ITastiriser  & 

A.  II 

1.4 

Dow  ftastieisur  tt 

A, A 

1.4 

l>r#  Plasticiser  7 

A.A 

1.3 

Dow  llastteiser  8 

A 

4 

Dow  Plastirimr  9 

A 

1 

A 

1 

. 

A, A 

A 

A 

1,4 

1 

1 

*  •  1  •  . . 

A.A.  1 

A 

C 

1.2.4 

1 

I 

A 

2 

. . 

A.B 

1.4 

A 

1 

IVsol  lh*. ,  PAseiyl  |Atlaku 

A.A.A 

M.4 

4 

A.B, 

B 

1 

1.4 

4 

Dimethyl  r«huaul<  •  phthamW,  MwWt 

A 

1 

IMeHo  rin  pt.thdale,  butae* 

A 

1  k butyl  (  Wtanlo  phlhaiaU ,  hneaul 

A.  A 

14 

A 

J 

•  •-  «  »  *  .  •  - 

B 

1 

««•*••••  »  a » • • » 

A 

1 

DM  ariwtJ  phi  lm isle 

A 

i 

Neapiea 

n 

» 

hrt|hi  (K 

n.c 

14 

Paraph#  W-* 

P*r#f4ea  rO  •  »• 

0 

l> 

1 

1 

1 ■'  s,*.  \  I  t 

D 

1 

K-rapie,  <  UWA 

A 

a 

4 

1 
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Ta»l*  2  formal  smoeptitaihy  of  variuu*  {dcstieism  f  continued). 


.Sum 

Trmir  aame 

Extent  of 
Rroathf 

Laboratory  $ 

Ui’  wArv.'  arid  derivative 

Mathyi  acetyl  ricinoieatc 

IM 

D 

3 

BiiHl  aertvl  rieirxAeate 

. . . . . 

D 

1 

Ethylene  glycol  methyl  ellmr  acetyl  ririnoleate 

Methyl  tVtlorive  acetyl  riciooleate 

C 

l 

Glvwtryl  mofiorir  ’.oleata 

D 

4 

Sehacir  acid  dertval  ivw 

Dimethyl  sebncat* 

C 

1 

Dibuivl  urbamU1 

.  ,  .  . 

c.c 

1.4 

Di-tl,3-di<aethyi  but  vt)  lelauMiv 

H 

4 

Di-i2-e»hvlhexYl)  sebacate 

Dioet  /I  apbarate 

C 

4 

Htearif  am  1  derivatives 

Htearic  arid 

.  .... 

D 

3 

n-Hatvl 

C 

1 

(' vciolirjcji  itearatr 

. . . 

D 

1 

Butoxyethy)  *  tears  u* 

Italy!  Crll*»olve  stearate 

lit) 

1.4 

DiethyWoe  glycol  ethvl  ether  stearate 

t'arlatol  stearate 

1) 

4 

Tetraetbylene  glycol  mom  m  tear  ate 

.  - 

1) 

4 

Tctrarthyteoe  glyeoi  diatearste 

11 

4 

Suex-inic  acid  derivative 

Diethyl  succinate 

1  . -  •  •  • 

A 

4 

Hynthctic  fatty  acid  derivative 

Fatty  acid  dtme.by!  wntd* 

ITasticisar  34 

D 

4 

Tartaric  acid  derivative 

Di-n-buty!  tar'.mce 

. 

A 

1 

Tutueneauifomc  acid  derivatives 

Ethyl-;*- tot  tnocauif  ante 

A 

1 

o-Ciaayl-jj-t-duciieaulfon  tc 

Saoiictur  10 

A 

1 

o-  and  p-TetaaM  rthybudfowuxude 

Saoticuer  8 

A 

1 

Tn^arbariyUc  acrd  dcrivctitea 

Trirthyl  trwavfcnsyUt* 

. .  . 

B 

1 

Tri-a-butyl  tncarbaliyiate 

.  .  ... 

B 

1 

Oita — natural  aad  lynthctic 

Tu&|  ail 

. .  •  . 

n 

4 

Cantor  oil 

I)  P.O 

1,3,4 

Cottonseed  oil 

n 

4 

Dehydrated  cantor  oil 

Isotine 

D 

2 

Uefiiied  tail  oH 

tndti*!*’ 

ii 

3 

Soft  Jiated  oil 

Xaftoiea  R-410 

A 

4 

F-»-  ‘  iar  uil 

A 

4 

,  i..nWu»  <>*l 

A 

4 

M»»*ej.'*neo*»  materials 

DjjA  nyl 

yea  .1  •  -  -  a  ,  ,  e.  .  .  •  •  -  . 

A 

1 

DMua.iaapht  halenc 

■  *  i  »  i  •  • 

A,  4 

M 

IXwn;  lpte*«»*>atW  4 

.... 

A 

4 

Baiuopi  «o*»« 

liar  rinser  OS< 

A 

4 

MeMiyUrryttiibr  tvlcyrlohcraoonc 

Cycle hexyj  lactate 

Hi— ehdaovl  oxalate 

\ 

4 

. 

A 

1 

A 

t 

Dt|  -he+»j  tad;  hoi^ 

A 

1 

TnphmylicuaMidme 

.... 

A 

1 

Tnrl  Ui>ntiamiar  dieaprylate 

naauoiaer  SC' 

1) 

4 

*rv  a  .»  «-  *nh}r  Thn«,  u»  tK»«  m  its*.  sian,  a  kmg  rtrbeti 
,  Jnu  Mi  tip  ur  »«*re  rvi  ire  tbe  CWTiSh 
<ppt  f»lr.  Tf>«  th  -  «(>}4<ai\  1rrarb.i»jli«  actl  J-. .va¬ 
in***  li  p<<,  iJ-—  *f  citrt*,  erar,*».‘  atvl  tricarl -*MtIi<- 
a  ill*  *rrw«n  t<i  V  »* »  sisal. 

As  r-  *-g  m  sijwil  ai*J  ^Visdi*  ariii  darnstiva. 
ii  •  4  ■  * Ut  4  cr  al'j^atic  a>‘  Is  hating  cUauu  *  f 
t-n  r  "<mre  n  H«  r.  »**-»,  lb*  *•«  1-  ^»nr  thitn  n  h* 


rvAUtant  U  f  ''gal  attav*>  PenUrrjlbnlol  #tvn  art1 
f*-op  1  ti  b*  fair  to  pal  jn  rasMtoo* 

Tb<*  rreall*  obtain  >1  ■  h  Sb*  |4i*'  a)  ►l1*,  <H*a 
liver,  msnv  of  wh  %  mi**?  wide  -  -  are  raMtiltnt, 
m 1  *-f  Ui-Tfl;  s*ara  tRst  tins*  --risi  ■*«  ar«  -'art 
rt»4t*M  to  { >-  •>  1  »»»ri  TT  tfc  ai^tx* 
rai^iCS  f"-***  U  ■  4t  it  4  pbthotei*.,  sod  w»* 

r*vdio£  Mar  nur  of  (V  ;  i^rVd,  c*«Hn«naooi. 
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is  well  a*  tlit*  Uelloaolve  and  Carbitol  eaU.a  are  all 
hoaotaiit.  The  phenyl  am)  benzol  enters  are  i!su  re- 
sistssJit.  The  phosphoric  acid  derivatives  show  a  sim¬ 
ilar  behavior.  All  the  aliphatic  and  sroinatir  eaters 
listed  ere  resistant  to  fungal  attack. 

'I'll  •  resistance  of  the  lolucneanlfouic  aeid  deriva¬ 
tives,  a*  veil  as  the  reaistivnet  of  the  aromatic  bydio- 
•  arbons,  is  alao  obvious.  The  only  Urpene  derivative* 
investigated,  those  of  abiotic  acid,  were  also  found 
resistant. 

Although  the  choice  of  both  a  resistant  resiu  and  a 
resistant  plasticizer  in  a  plaatic  are  indicated,  on  the 
basis  of  preaeut  knowledge,  it  cauuol  l>e  said  that  lie- 
cause  components  A  and  H  are  resistant,  the  com¬ 
bination  of  A  and  li  is  resistant.  Kxpcrimenta  allow 
that  <*ou:bination*  of  dioctyl  phtlialate  with  vinyl 
rcffina  are  more  susceptible  than  either  alone.  How¬ 
ever,  the  presence  of  small  quantities  uf  lubricant  inuat 
be  considered  f<ir  it  has  lasen  shown  that  tlw*  pla-ti*  u<*r- 
Inbricant  combination  is  more  susceptible  than  either 
one  alone. 

Fur  liver  investigation  on  mixture*  of  component* 
sir*  h  resins,  lubricants,  and  plasticizers  should  cast 
more  light  on  these  pioblems.  However,  it  ia  generally 
nc-know  I  edged  at  the  present  time  that  the  fungal  re¬ 
mittance  of  a  plastic  can  l>e  eftimated  with  some  cer¬ 
tainty  if  the  susceptibility  of  tin:  components  which 
go  to  mr’  e  it  up  is  known.  It  ia  for  this  reason  that 
data  os.  I  a  sties  *om|ionent.3  are  valuable. 

s  «  SUSCEPTIBILITY  OF  PLASTIC  COM¬ 
POSITIONS  TO  FUNGAL  ATTACK 

Included  in  the  vast  array  of  iitsn?  termed  military 
materiel  one  finds  many  example*  o»  plastics.  Thu». 
item*  as  varied  aa  molded  gun  stocks,  gun  cover*,  air¬ 
craft  windows,  terminal  Ixiards  in  radio  «c|*.  machete 
wheat  hi,  helmets,  auri  belly  tanka  may  be  included. 
The  resins  on  which  tlve«<  materials  are  bast'd  may 
indeed  be  ewnilar,  but  the  complete  .■omp.Mitions  of 
the  Anal  urticlo,  are  often  different.  In  this  sense 
terminal  lioard*  are  not  merely  plwud-fomaldehydf 
resin*.  nor  arc  gun  cover*  merely  polyvinyl  rhb  ride 
H-Ttate  re*,  in*  'i  he  terminal  hoard  ordinarily  costam* 
plies  at  fabric,  or  paper  if  it  haa  hevn  preparwd  from 
laminated  stork.  or  >t  ks«  fllhr  added  i?  st  is  *  nioklad 
piet«.  In  **u.*  same  manner  the  vinyl  <>ter»  bate  a* Wed 
pUetietzem,  tuLricajd^  *M  **a’-«ilijL»e».  If  it  ia  con¬ 
stant  !v  k*-pt  in  'wirv  ihal  t»*m»*er«ai  **  **'•* 

know  tl>*»i  are  compel  m  xt  vires.  the  ci-*&ictiajr  re 
porta  «v».*riung  if*sp>cal  deter-  rat  am  of  «wn*  n  pis* 


uca  become  more  uudcnrtaiidahh  A  polyvinyl  chloride 
aivtate  insulation  covering  is  nut  the  same  material  as 
a  |mjIv  vinyl  chloride  acetate  coating  on  a  raincoat, 
nor  is  a  phenolic  gun  handle  the  same  material  aa  a 
phenolic  tulie  socket 

Being  aware  of  the  fact  that  a  plastic  is  a  mixture 
of  components,  une  might  think  that  the  first  step 
would  be.  to  check  all  the  eoinpmcnts  of  plastic*  for 
fungal  susceptibility  and  then  make  the  pkv>ti«i»  from 
resistant  component*.  T T i i e  approach  is  sound  and 
has  great  merit.  However,  when  plastic  materials  per¬ 
formed  unsatisfactorily  in  the  Southwest  Pacific  areas, 
there  was  no  tiu*o  m  await  result*  from  eiicli  a  long- 
range  program.  Instead  mam  coinmciciu)  material* 
were  tested  aa  is,  and  tins  section  in*  hide*  a  stniimarv 
<ff  !hc  rer-lts  obtained. 

hi  the  usual  mat*,  the  results  reported  were  obtained 
on  plastic  samples  that  were  neither  sterilized  nor 
cleaned  ill  any  sjutial  way.  l*p  to  liMfl  there  lias  l*-eii 
no  demonstration  of  n  method  of  sterilization  of 
plastic*  that  will  prevent  growth  of  contaminating  or- 
ganisma  on  the  piece  without  altering  the  matei.al. 
1‘ltrav.olet  ex|KMiire  for  a  short  |wriod  of  time  has 
lieeii  iwonunendod  imt  uot  vet  tried.  The  effect  a  of 
volatile  fungicides  on  plastics  have  not  l»eeii  studied, 
altliougli  aucli  treatmeuts  with  utethanolu*  vapor  ami 
chloropitrin  have  Iteen  suggested.  With  volatile  fun¬ 
gi*  idr*,  one  haa  the  disadvantage  <  f  eliminating  idem 
tiial  control  condition*  iinler*  the  sample  und<r  tist 
ia  similarly  treated.  Wet  and  dry  heat  sterilization  is 
thought  to  lie  more  deleterious  in  effect  tlian  the  other 
agents  mentioned.  Oaone  treatment  brings  up  the 
possibility  of  chemical  change.  Ifewevei,  the  fa.'t  that 
ino*t  of  U  e  above  discussion  on  treatments  for  steril¬ 
ization  ot  plastics  covers  opinions  rather  than  fait* 
baaed  on  CXJierimental  evidence  i*  indicative  of  the 
vrurk  tliat  remaina  to  be  done  on  this  problem. 

t)n  tlr  Lasit  of  results  reported  by  tlic  ri|>err>  Gyro¬ 
scope  Cm ».,*  toe  Bakalite  Corporation/  the  klstorial* 
Ijdwrratory  uf  the  New  York  Navy  Yard/  the  Signal 
t'orjss  l^thoratory  at  Fort  MotHnoudi/"  M  aud  the 
British  Mi  mat  *7  vf  Supply/*  crrtaift  conclusion.*  may 
be  drawn.  WilJi  the  laminated  nurrrin'v  aitlmugh  the 
|dien>d-fi»rmauVhv*V.  urea  forma W*4  yd  •,  mad  <  *  I* 
mine-formaltb-hyde  nan i «  are  u.'  i,  and  tbsfh 

render  the  materials  tatoly  su-tjd-bj*  t»  fu»«al 
gruwth  at  rat  •'Ige*  oa»ca  .  if  0*«*  ».,m  »t  rfa*v  i« 
bnLu  i  any  mas-ner  «»k1  the  rk*th  »xp*mr.l,  f* 
will  iMf  thfrs  alar.  It  is  with  I  bis  l  *  p«  o4  Bi*  lal 
that  the  ant  <n  rwitalie  varwinhaa  «h«  r«!  edge*  l  a* 
L-an  saggwated.  iamainateil  materials  that  route. *. 
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glass  cloth,  nut  or  a*be*tos  Hotn  in  quite  resistant 
to  fungal  attack  provided  no  susceptible  sizing  mate¬ 
rial  like  starch  i<*  in  tin*  cloth. 

The  reactance  of  molded  pieoca  to  fungal  attack  ia 
much  little-  '.Ian  tluit  of  Unlimited  material?.  Where 
cut  cotton  rag  ha„  been  i  ncurporateo,  susceptibility  is 
great.  However,  woo<l-flour-filk*d  phenolic*  are  not 
too  hiiscv  tilde  to  ftiJigat  attack,  although  in  time  they 
Niip|>ort  a  slight  surface  growth.  The  quality  of  tru.* 
molded  piem  is  very  important  in  thia  case.  Since 
molded  pieces  have  no  rough  or  cut  edges,  their  in¬ 
creased  re*ist(, nee  might  lie  expected.  Phenolic*  filled 
with  glass,  mica,  and  asbestos  are  very  resistant  to 
fungal  attack.  Molded  plastics  containing  melautiue- 
formaldeh vde  resins  have  perliaj**  a  slight  advantage 
over  |diei  <*He  molding  materials. 

If  resistant  plasticizers,  as  well  as  no  eiceaeivc 
amount  of  susceptible  lubricants  are  used,  thermopla- 
ties  arc  quite  resistant.  Thus,  |>oly«tyrene,  polynn  thyl- 
inetliacrylate,  polyethylene,  and  Nylon  plasties,  in 
which  little  or  no  plasticizers  are  used,  are  resistant 
to  fungus.  On  the  other  hand,  cellulose  actetatc  as 
well  «=  mixed  esters  of  cellulose,  ethyl  cellulose,  ami 
jelly  vinyl  materials  in  which  large  amounts  of  varied 
pin*! icizcrs  arc  nred  pose  a  different  problem.  With 
the**e  materials  fungal  resistance  will  vary  from  poor 
to  exiollent,  dependent  on  the  nature  of  the  com;*)- 
neiits  in  the  plastic  other  than  the  resin.  If  proper  pre¬ 
caution  is  taken  to  include  only  resistant  convenient* 
ve+w rover  feasible,  the  Ixdiavior  of  these  material*  un¬ 
der  tropical  conditions  should  W.  more  satisfactory. 

si  EFFECT  OF  FUNGAL  GROWTH  ON 
PROPERTIES  OF  PLASTICS 

Since  some  properties  of  plenties  are  markedly  ro- 
durnetd  hy  moisture  alone  it  i*  in  an  attempt  to  ob¬ 
serve  changes  in  properties  under  conditions  of  fungal 
growth  tlial  the  relative  vole*  of  nuoature  and  fungu 
Income  interwoven.  Especially  in  electric  equipment, 
the  dutuge  in  propel  lie*  introdui'ed  by  moutvire  and 
fungus  is  detrimental  to  the  p**rforn  ime  «»f  the  eqnij*- 
nient.  The  simple  fa>t  that  fun;i  grow  «»n  the  plastic 
is  pitmf  that  the  relative  humidity  of  the  surround  mg 
aimoejditro  is  m  U**t  *rt  to  80  per  <*ni.  am-  pi«AaL!y 
e**i  udvnddy  higher.  In  «-ld;tion.  any  tvpe  of  mold 
growth,  however  slight  in  <f*zntsty.  a*i-  as  an  ep-ui 
for  th<*  condensation  and  retrenchment  of  further 
ijhhm uir.  ’Joiw,  i iron  ma*  «.»  »n  e<f.:.t  f  '»»■**«  hi 
addition  t  the  effect  »d  ia<>itlur»  on  th*  properties  of 
the  plastic. 


Aside  from  a  very  few  cute*  where  a  cel  Interne  filler 
ha*  been  attacked,  or  a  renr  susceptible  plasticizer 
lias  been  removed  with  resulting  brittleness,  no  data 
demonstrating  jseraianent  alteration  of  properties  of 
plastic*  due  to  fungal  growth  have  l**»*n  made  avail¬ 
able  l jack  of  suitable  control,  aa  well  as  lack  of  work 
along  tin*  line,  are  proliably  responsible. 

It  has  l*een  the  experience  of  many  tlmt  it  **  not 
possible  to  keej*  an  unstcrlized  plastic  sample  under 
high  humidity  without  hnving  fungal  growth  due  to 
the  contaminating  organisms  on  the  sample.  The  ques¬ 
tion  of  sterilization  of  the  sample  to  avert  such  growth 
for  control  purposes  has  already  lawn  discussed.  An¬ 
other  approach  has  l>een  the  use  of  an  inert  atmosphere 
snob  as  that  of  nitrogen  gas.  Although  it  haa  been 
found  that  nitrogen  gas  stunt*  the  growth  of  fungi, 
as  yet  it  has  r.ot  lieeii  demonstrated  that  aucli  an  at¬ 
mosphere  would  completely  inhibit  growth  of  fungi. 
There  is  a  great  deal  of  experimental  work  now  being 
done  on  the  qiie*(ui,i  of  obtaining  a  g**od  control. 

5‘  ADDITION  OF  FUNGICIDE 
TO  PLASTICS 

K\ »‘ii  though  Mini*-'  plastu  material*  are  fungus- 
resi*tflut,  they  are  not  fi:.»gi static  Tims,  dtbri*  ami 
external  contaminants  on  the  materia)  can  serve  a*  a 
wmrie  of  fuugal  growth.  During  World  War  Jl  at- 
ternpt*  were  made  to  render  f.iwccptiblc  plastic*  fungi¬ 
static  1.V  tl*c  «-«•  of  fungicidal  cotilmg*  In  an  ap¬ 
pro**  h  to  the  problem  from  another  angle,  fungicides 
were  incorporated  dnvrtJy  into  juHstu*  during  their 
m.ituifa* tore  m  an  attempt  to  insure  some  d*gree  of 
fungal  re*i*tansv  of  the  material  without  any  subse¬ 
quent  >ri*hlment. 

In  all  discussions  ab.ut  fungicides  for  plastics,  it 
must  l»e  remendwrisl  that  in  many  m*o  there  may  be 
uo  need  for  fungistatic  plastii*.  When  it  ha*  leen 
definitely  established  that  plastic*  mad**  from  the  most 
resident  coinjiuueiit*  are  *»til!  unsatisfactory  for  rer- 
tain  nee*  under  •oudition*  prevailing  in  th**  tropics, 
it  may  l>*  true  tbwt  fungistatic  plastic*  are  ne**w**rr 
However,  even  though  the  need  ?*  ft?1!  <1* datable,  pre 
hmtnary  *  x|**run*n?til  work  on  this  problem  has  l*efn 
nt!*ler  »j»\  toexpl  rc  ibe  js*«rihiltlie»  of  oukiig  f*  >n 

"alio  p!  *ti««  mm  tl**i  ibex  wonhl  U  ready  if  ireeded. 

In  Her  f*r  a  fungicide  to  be  effective  in  pl««ta  % 
it  should  conform  »  th  tiro  following  requirement*  - 

1  Tlw  *mj«i-H  *leeild  l«*  <o<npa‘it-U>  wilii  ibe 
re*au. 

2  Tl*e  rowpitmi  should  bore  low  ndotihty  *  as 
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not  to  Ik-  lost  fluring  the  molding  operation. 

rt.  Il  should  be  uutKciently  inaohibk*  to  resist  •cach¬ 
ing  by  wat*r. 

4.  The  prewnc*  of  the  fungi  cole  should  have  no 
significant  effect  on  the  physical  properties  of  the 
plantic. 

5.  TIu  fungicide  should  he  chemically  inert  no  that 
it  in  not  altered  hy  rem  tion  with  other  eum]>uRents  of 
the  plant ie  mans  with  a  corresponding  lot,*  in  fungi- 
(idwl  activity. 

fi.  Incorporation  of  the  corn  pound  should  not  Mecca- 
sitiite  a  drastic  change  in  manufacture. 

7.  The  <i»iri]M>u ml  should  be  effective  for  a  sufficient 
length  of  time,  pref*  raldy  the  service  life  uf  the  inatc- 
riti  1 . 

8,  The  conijmind  should  lie  nontosic  to  the  worker 
handling  the  niateriid,  or  at  least  he  relatively  nou- 
liazardoua. 

!>.  The  flan!  produ*  t  should  offer  no  health  hazard, 
»m  li  as  a  skin  irritant,  on  continued  use  by  personnel. 

At  present  it  seems  almost  ini|KM*ihle  to  fulfill  some 
of  tbwe  requirements.  For  example,  in  order  #or  the 
surface  of  the  plastic  to  la*  fungistatic,  an  effective 
concent  ration  ot  fin. guide  mnsi  always  la?  present 
there  Presumably  this  requirement  implies  a  constant 
loam  of  fungicide,  the  rate  of  which  is  dcjtendent  on  its 
volatility  as  well  as  ex: erun!  conditions.  From  tills  it 
is  evident  that  a  fungicide  should  he  effective  in  low 
concert!  ratio*!  if  tb*»  fungi  datir  property  of  the  jdast-v 
is  to  have  aiiv  apprecia!  !e  life  peiiod.  Preliminary 
work  indical.d  tliat  it  w«s  im|roasiMe  to  predict 
whether  a  given  fungicide  would  function  effectively 
in  a  given  piastre  system,  and  therefore  expcrimeiita- 
ti->r  in  this  field  was  neeewarilv  of  an  empirical  n* 
tnre.  In  one  investigation*  phenolic  plasties  wore  pre¬ 
pared  with  fungicides  incorporated  diriHlv  in  the 
material.  All  the  n*«ti rial*  prepared  wore  sent  to  three 
different  laboratories  for  teat.  In  moat  cases  the  fungi¬ 
cide  was  used  in  eoncertrationa  of  0.25,  0  5,  0.75,  1.0, 
l.f»,  ard  8.0  per  cent.  In  addition  to  the  testing  ot  the 
treated  pieties.  control  samples  of  untreated  plastic? 
wore  included  In  the  compoundii  g  of  molding  resins 
the  dry  fungicide  was  added  to  the  premix.  Where  fil¬ 
lers  were  included,  two  methods  of  treating  the  filler 
won*  iimsI  In  nm  ew»e  the  paja-r  or  i^oth  was  impreg¬ 
nated  bv  iHimaraian  in  a  udurion  of  the  fengi-ide, 
and  in  the  other  css  the  fnnginde  was  inoor|K>nd**d 
into  the  resin  lined  to  enat  the  filler 

On  the  lmsi«  of  fungal  resistance  al  me,  the  incor¬ 
poration  of  •  jtirylamlide  was  found  to  yield  tlw  be«t 
pro  tee  ted  jdastu-s  The  compound  is  wafe  to  handle,  is 


compatible;  with  the  resins,  has  a  vapor  prc»*uu-  low 
enough  to  pivveiti  excessive  h*s«ea  during  processing, 
and  ba>  a  marled  effect  on  the  iiiluhition  of  fungal 
growth.  Cop;***'  nepiilot  itftte  We*  too  do^greeftM*  to 
work  with,  a  well  as  fairly  nux>.«|*atddo  with  t**n  res¬ 
ins.  The  org.  me  a>  •icurial*  were  a  huilli  hazard,  and 
the  chlorinated  phenols  were  too  volatile. 

Siil*seqnentiy,  the  same  investigator*  determined  tlic 
effects  of  the  incorporation  of  salicylanilide  or  the 
physical  pnqvcrties  of  the  plastics."  Tests  were  con¬ 
ducted  OU  molded  and  laminated  phenol  ie  conqioittid* 
having  2  jkw  cent  of  salicylanilide  uieorjxirated  during 
the  process  of  ina.-iiifacture.  The  laminated  phenolic* 
(si  prepared  etmipriscd  two  fabric- base  grades  and 
three  paper-b«s<  prudes,  the  untreated  controls  mist 
ing  tlu  requirements  of  JANP-I3  *|>eeifi<-atioii  for 
grades  KM-1  (FIW1),  EM-2  (KBE),  K-5,  K-l 
(l’HK),  and  M-l  (I'llM  ).  The  molded  phenolic's  made 
were  those  of  which  t lie  untreated  standard  counter¬ 
parts  meet  the  requirements  of  JAN-1*  14  specification 
for  grades  K-!  (4’KtJ),  M-.1  (OFI-10),  E-4  (MKK). 
and  oat*  grade  of  melamine-resin  asU'stos-cellnbsse 
ci>ni|M>und.  The  materials  were  tested  ai-conling  t«  tile 
JAN  speri  lira t ion  tests,  and  from  an  examination  of 
t lie  test  data  it  was  concluded  that  the  addition  uf 
salicylanilide  in  2  per  cent  concentration  had  little  or 
no  effect  on  the  pliyriraJ  properties  >f  tlu*  molded  nr 
laminated  materials  studied. 

Expert mental  work  on  fnneirtatic  plastic*  lin*  also 
Itcen  carried  out  at  the  llo » < •  Thompson  Institute.* 
lien*,  too,  disappointing  results  \ren*  obtained  with 
phenolic  cloth  latiiiiu.  es.  The  cloth  was  impregnated 
with  2  per  cent  of  the  fungicide,  and  thou  mailt  into 
laminates  with  a  phenolic  main.  The  following  fungi¬ 
cides  were  tried:  dihydnivvdichlorodiphcovimetheiie 
(Frevroio!  (ID),  U.  8.  Rubber  X<  il,  lntraeol,  II \ • 
drwide  10.\  Special  {quaternary  amnioninni  com¬ 
pound),  eop|tcr  naphthenate,  Khirlan  extra  (salicv- 
lanilide),  MiUiaii  (fine  dimcthylditliiocarhamate)  ai.u 
M«rck  242  (tetrahroin-o-cre.«ol )  In  iv«i  ease  wire  the 
treated  plastics  fungistatic  In  connection  with  this 
study  it  Vm  found  that  when  a*»i  -sued  dm  *  »«•  n«ed 
in  the  laminate,  the  jdaetit  was  mo<"e  -n-os|>t»Mr  than 
whin  (Ii*-siwh|  <’iuk  was  ua>i!  I'aiwr-ba*-  lain  na'*- 
w-re  i*asisT  to  proteit  than  cloth -!«.■*•  i  I  -’•<>.  Winn 
phenol ic.glass  laminates  «r-  ms<  fshgsl 

growth,  the  suing  on  the  glam » Iwth  >'  o  pm»s«'ul 

The  incorfairation  of  fnnginde-  i  1  1  lor  id 

acetate  copdvmer  was  also  stmliot  ongiiA+w 

n  it»qioratc»l  into  tlie  nr.*  in  2  «  r  *  t  n*  'H- 
t  rat  ion  Freventol,  copper  raphth  *  Uedrrsule 
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10 A  Special.  ami  Milhan  gave  wye  protection  to  the 
mated?!  r!;i; !;  ;vaa  p!«tiii  j/A-d  vridi  trim  <yl  phos¬ 
phate  » nil  methyl  aet-ryl  ruiiiokate,  Million  wemed 
to  in-  the  beat  fungicide  f rofo  the  standpoint  of  soil- 
burial  lest*.  After  han^ng  for  100  dava  i:i  a  tropic*! 
room,  the  pUiattc-  treated  with  fiuagit  ide*  were 
overgrown  by  fungi  than  toe  control  sample.  Thn*. 
fungicide*  u;  polyvinyl  irvulemk  do  have  mate  bene 
filial  effect  in  $  per  cent  concentration,  and  possibly 
higher  concentration*  would  afford  better  protection. 

A  considerable  amount  of  experimental  work  hua 
also  been  done  on  tiiu  incorporation  of  mercurial  fun¬ 
gicide*  in  thermoplastic*.1*  Concentrated  solution*  of 
phenyl  mercuric  fungicide*  in  plasticizer*  were  need 
such  that  the  final  conmuration  of  the  fungicide  in 
the  plastic  varied  fmwO.Yo  pjS.Oper  cent.  In  this  work 
tin*  fungi  tides  had  to  be  carefully  purified  to  b«  effec¬ 
tive,  and  when  *n«4‘  fungnide*  weri  lined  they  were 
not  easily  removed  by  beating  or  leaching.  1  he  dif¬ 
ferent  phenyl  mercuric  derivative*  used  were:  plienyl 
mercuric  acetate,  phenyl  nwrcuiie  phlliahde,  phenyl 
mercuric  ffllh  y  late,  phenyl  mercuric  stearate,  *nd 
plienyl  mcrcuri.  a-lx-iuidi  snlflinide.  Plasticizer*  that 
ar<*  compatible  with  the««  fungicides  are  dibutyl  tar¬ 
trate,  dimethyl  phthalalo,  Kanticiser  Ml  7,  triaeetin, 
tripkeuy'  phosphate,  and  tricresvl  phosphate. 

l'aing  one  or  more  of  the  above  fungicides  it  was 
found  that  a  nunikr  of  plasties  could  be  made  fuagi- 
Kt»tic  iu  that  they  |>**scd  the  Signal  t'orpa  8pecific»- 
tioii  71-2202A  u  mg  Atip+rp’-tvi  *igrr.  Torts  with  l 
«pore  mixture  were  also  conducted.  Among  the  cellu¬ 
lose  plastic*,  iriluloae  acetate  plasticized  with  Santi- 
i  irt  r  M  17.  ethyl  cellulose  plasticized  with  ^a^tirUer 
V- 1 7  or  trierosyl  phosphate,  and  cellulose  nitrate  plas¬ 
ticized  with  tricresvl  phosphate  liave  been  protected. 
lVIvrtyrenc  a*  well  a*  i-ontart  laminating  resin*  of  th- 
rtyn  ne  eopnly  liter  tv |w  have  atm  ken  rcu<l*red  fungi- 
rtstic  by  the  use  of  O.o  to  1 .0  per  cent  of  a  phenyl  mer- 
iiinal  fungunle  s*n-lt  a*  phenyl  mercuric  phtlialate  or 
salicylate.  Vinyl  copolymers  *rc  also  rendered  fungi- 
*tah<-  by  the  iitctirpvrafMm  of  Ws*a  than  1  per  i*nt  of 
(thenyl  mercuric  sal  icy  Isle 


Phenolic  resins  arc  rnnrli  more  difficult  to  protect, 
possibly  due  to  the  pre—  mv  of  fortiiaidehyde  which  re- 
ttcti  with  the  mercurial  fun  ’  <le  at  high  tenijwm ares. 
A  p> leimi-f 1 1 nnal :k>hv de,  itUuIom.  filled  plastic  wa* 
msde  fimgisfati;  by  the  addition  of  2  pr  c**su  pm 
mere  uric  phihalatc.  In  some  cs*es  1  per  cent  fungicide 
wa*  *ufficieut.  However,  from  an  overall  pn  lure  it  U 
the  rouscuMK'  of  opinion  that  phenolic  jvlaaiica,  espe¬ 
cially  laminate*,  are  the  must  difficult  to  protect,  and 
results  are  still  inconsistent.  Urea-formaldehyde  mold 
ing  powder*  do  not  lend  themselves  readily  to  the  in¬ 
corporation  <-!  f  c.ngicides. 

The  problem  a*  to  health  hazard  ha*  also  Uvii  in¬ 
vestigated  to  some  extent.  Than  has  been  some  criti¬ 
cism  of  mercurial  fungicides  because  of  their  toxicity 
to  human  Iwing*.  In  a  report  describing  test*  to  de¬ 
termine  tl.c  irritant  and  sennit ization  properties  of 
fungicide*  in  s  jiolvvinyl  plastic,  it  was  found  that 
the  mercurial*  caused  moderate  to  severe  irritation. '■* 
However,  proponents  of  theae  fungicide*  claim  that 
toxicity  is  not  a  factor  iu  the  low  concentration*  in 
which  these  materials  are  need. 

No  experimental  work  has  been  dune  on  the  problem 
a*  to  whetlier  the  fungicide  exist*  uiultereil  in  the  jdas- 
tic  after  manufacture.  Klementary  analysis  for  sin  li  a 
constituent  a*  n.eret'ry,  nitrogen,  or  sulfur  mean*  little 
because  this  would  not  indicate  whether  further  reac¬ 
tion  <>f  the  coiii|Niuud  with  i-oniiiom ids  of  the  pL— tic 
had  oecurivd  Tlie  only  mdieatios  that  the  fnngnrl* 
doe*  exist  ur-,!tere*l.  at  least  in  thermoplastic  materials, 
ia  the  increased  fungal  reaiatam-e  of  these  materials. 

hi  summarizing,  it  can  be  sadl  that  a  great  dtal  of 

..n-  .  Is  I  4  »*  4  -  J  I-  I...  .  *  -  •  *: 

••  «•••*«  sv  IJX,  t »c»*»v I  *•  v  ass  siAia  |  »K»  kl  VOIIIH.UI  f 

known  that  will  inhibit  grow  th  of  fungi  on  all  pk>  ti  w, 
and  tf  this  is  the  dew  red  goal,  the  problem  is  fsr  from 
•idled.  However,  in  a  general  way,  tlierrooplmrtic  mate¬ 
rials  i  an  be  made  mole  n**i*i*nt  to  fnngi  by  incorpo¬ 
rating  fuigieidew  in  the  plastic,  'lire  situation  with 
phenolic  material*  is  more  obscure,  and  at  premn*  the 
meorja -ration  of  fu -girt  Us  in  susceptible  lam  -ataa 
doe*  net  alter  their  fungal  wisreptibility  to  a  ap- 
prceiab'e  extent. 


Chapter  6 

TROPICAL  DETERIORATION  OF  PHOTOGRAPHIC 
EQUIPMENT  AND  SUPPLIES 


*i  MAGNITUDE  OF  THE  PROBLEM 

o  illi  ?*Tg  ant  the  effects  of  tropical  environnirnts 
cm  pilot orra phi r  cqi  pracn*  aud  supplies  the.  fol- 
loving  ire  quoted  from  i  formation  made  Available  to 
the  Tropical  Ifeterioration  Adminialratne  Committee 
fTDAC].* 

From  Signal  < 'or|M  Pliotograplier,  New  Guinea, 
July  5,  1914. 

On  item.  perhaps  trivial,  i*  the  breakdown  and  stripping  of 
the  ItmC-m*  covering  on  speed  graphka  ....  oaoe  the  moieture- 
proof  paper  (of  film  wrapper)  ie  opened,  it  rwa't  be  mard. 
TUc  it  i  pmbira  in  eoeie  instance*,  beeww  motet  orr  and 
futfut  eomeUiiMM  attack  the  pUtin  between  the  tier  of  ex¬ 
posure  end  tune  of  being  transported  to  the  lab  for  profession. .. 
Cut  film  in  a  tough  problem  Keen  per  it  isn't  tropically  parked 
enough  to  prevent  the  format  ion  of  fuague  . . .  Blue  and  spider 
fungus  nourished  by  motet  ore  ewtitimn  forme  on  the  truer* 
and  between  the  rlement*. 

From  Signal  Corps  Photographer,  India.  July  21. 
194  I. 

One  of  our  boys  hue  just  ret  armed  from  Burma,  where  He 
•pent  four  month*  taking  mrviee  around  Mytikyiaa,  Mogaung. 
rtf  He  ha*  prwrated  me  with  a  Het  of  the  .lUtM-idiies  encoun¬ 
tered  up  there  It  eemw  that  muiwtare  ie  the  ehiaf  damnu  a* 
regards  photogr*|d»c  material*  op  >a  that  seek  of  the  wood* 
The  leather  oa  the  tuck  of  the  earner*  (where  the 
hoitlera  are  inenrted)  awels  op  with  the  reeult  that  no  hoidrrs 
can  hr  fitted  in.  Tie  only  remrjy  the  boys  find  for  this  trouble 
is  to  reewiw  all  the  leather  from  the  hark  of  the  camera  As 
for  the  flaah  equipment — it  is  practically  udepudablf.  The 
pint*  orrode,  batteries  amply  fal  apart  in  the  dampmsw 

The  cable  researe  socket  should  be  provided  with  a  * 
type  plug  otherwise  moisture  eaters  Urn  shutter  thro*"  ne 
opening  and  rairns  havoc  with  it  .  . .  Owe  brand  of  *o  nun 
cartridges  iweila  so  badly  that  they  eaaoot  be  loader  m  the 
Idea.  For  any  photography  ia  fingle  eovntry  naly  U  highest 
speed  emuhaone  should  be  iweued  becaime  there  y  not  enough 
light  for  the  urn  of  llue-X  or  Faaatumtc-.X. 

1  re  give*  a  great  <L«I  of  trouble  and  paper  a*  writ  The 
cat  Ua  swells  and  cannot  hr  did  tom  the  Parks  nf  the  holder 
— therefore,  it  must  we  trimmed  aa  the  cutter  every  tune  i 
photographer  wads  up.  The  film  peaks  are  worthless  heeanse 
whesa  oar  goes  to  pud  a  t*  >  out  hr  puh*  out  five  or  ssx  Mas* 
which  have  stuck  together  Hands  the  pack  .  . 

’n  addition  to  tlie  above  qic-tation*  fliers  aery  al~> 


•The  gumeifua*  am  uir*  t-oo,  htlaa  *»  wps*  whwh  •»*. 

aer.i  L.  TDA^  by  the  Imswisr  <*  th.  *  wnulri  Pngt—vUm 


contained  in  these  letter  vurrpta  many  cotnmctiU  on 
the  URicrvictnbibty  of  imrtieuls.r  make's  of  ntmeta*. 
These  are  omitted  eo  at  not  to  refer  to  specific  manu¬ 
facturer,  but  include*]  m  them  were  unsatisfactory  re- 
ports  on  fungus  altack  and  short  life  of  Mlonrs,  col¬ 
lection  of  moisture  and  rusting  of  metal  shutters,  pin- 
holing  of  focal  plane  shutters,  corrosion  of  metal  parts, 
and  fungus  attack  of  lenses. 

Tt  i*  understandable  that  it  ie  important  and  n**v*. 
earv  to  have  photographic  equipment  and  supplies 
which  will  be  satisfactory  under  anv  climatic  condi¬ 
tions.  Thi*  has  been  .'tated*  it.  0SK1)  Ue]>ort  6218.k 

Some  insight  as  to  the  magnitude  and  potential 
economic  significance  of  tropical  deterioration  as  it 
concerns  film  alone  i*  gaine<l  when  it  is  realize*!  that 
the  estimated  film  consumption  by  the  Armed  Force* 
for  1945  (based  on  Wi’B  Pres-  liclcasy  7080,  .January 
2.  IB  15.  for  the  first  quarter  of  1915),  was  some  60 
million  sq  ft  of  X  ray  film,  almost  100  million  aq  ft 
of  Aero  film  and  some  500  million  tin  ft  of  16-nim 
nwiif  film,  in  the  field  it  a  as  not  iiix-nnimoii  to 
pnwes*  .15,000  print*  ot  Aero  negatives  in  a  silicic  day . 

**  NATURE  OF  THE  PROBLEM 

The  degradation  of  the  major  consumable  supplies, 
film  and  paper,  under  tropical  conditions  is  largely 
due  to  the  fact  that  gelatin,  tlie  foundation  of  all  srn- 
•itized  materials,  is  a  uutrirnt  for  fungi  and  is  highly 
subject  to  the  influences  of  moisture  and  high  temp  . a- 
ture.  An  obvmui  solution  t  .  the*.,  problems  was  the 
im«'  of  Mime  oilier  material,  winch  would  ’*•  immune 
to  atta<k  hi  fungus  and  which  would  not  be  unduly 
affected  hy  moisture  and  high  ts-mperat  i  *sa.  Tbi», 
however,  would  hale  invulied  th-  de-ch  ,<mcot  »{  a 
c«ai|.l*(»-lv  new  art  of  sensituiu^  the  ipyw  Dp]  atM{ 
swell  a  d<  *•  loproent  would  m*  hair  l«i*-n  euagpatstlc 
with  tlw  nrgem  v  of  tl»e  problem  and  the  nersa  rlT  f..' 
q  <  k  wdntirai* 

■Dm-  prnbirru*  ill  «’et»*m»ra*Hiti  f  eqi  rpmnnt  (ran- 
era  were  ft  In-  rt>.»al  -  •  t*f*ir  .  (!)  p*V  >ww 
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■.fi.ivrmtr.g  {hr  drier  >r«tiwn  of  Sen**,  {<)  prutiieins 
i-onceming  th<'  •Melioration  of  exterior*  of  <hc  t-quifi- 
ment,  iuu3  (.1)  problem*  concerning  I i»<»  interior*  of 
the  e«|iiipr"*i;t,  mechanical  parts,  et*.  The  problem* 
oi  Irtt.*  deterioration  closely  |M»r*llel  those  which  |>er- 
tain  to  optical  instrument*  micli  a*  binocular*  and 
vrr.ii l<  afw  <oMxmrii  in  x'oapier  3.  rroim>M*  pertain* 
Ijjg  to  the  deterioration  of  exterior*  of  equipment  were 
among  tliose  wliieli  could  l*e  most  readily  preventer!. 
'1  lie  commonly  used  material*  such  a*  wood,  leather, 
felt,  cork,  ami  "luen,  all  of  which  are  highly  aiim-cpti* 
Mr  to  f lingua  attack,  eouhl  eitlier  I*  replaced  by  a 
snlwtitntc  material  which  wa*  imninne  to  fungus  al- 
tm  k  or  llicy  could  lie  omitted  from  the  Airshed  item 
when  fcaaitde.  Protection  could  1«  accorded  to  equip* 
incut  which  »ua  already  finished  and  in  use  by  the* 
applu  uiioii  of  a  proto*  live  finish  or  coating  to  aerve 
«»  a  moisture  barrier  and  to  wliicb  fungicide*  could 
be  added.  Tlie  problem*  which  concerned  tl»  interiors 
of  equipment  and  which  involved  mechanical  jiart* 
wore  leaa  rcadilv  solxwd  and  their  solution  could  hojic 
to  l,«c  achieves!  to  only  h  limited  extent.  Tlicee  problem* 
were  mostly  those  of  < orrnsion  an  I  were  the  remit  of 
the  nubility  to  seal  the  susceptible  portion*  completely 
against  the  ingre-*  of  moisture. 

The  instances  of  fault  v  packaging  of  photographic 
equipment  and  supplies  were  strongly  emphasised  dur¬ 
ing  the  early  stage*  of  Wrrld  War  II.  Certainly  with 
photographic  material*  and  the  manner  in  wliii  h  they 
were  affected  by  tropical  eomlition*.  |wekagiiig  pniln 
leins  were  as  senwea*  with  tin  other  category  of  oi|>- 
plies.  If  such  material*  were  packaged  |**orly  and  wore 
subjected  to  severe  handling  in  addition  to  the  moi*- 
ture  and  heat  of  tlie  tropics,  it  could  only  lie  e\|KKled 
thiit  a  high  |*f(vnt*go  of  tin  in  would  arrive  in  a  u*e- 
les*  condition.  Protection  <ouhl  only  he  given  to certain 
material.*,  c.g..  him.  by  proper  paekaging  and  it  w«* 
not  tn  la?  e\|H.Ttwl  that  preventive  t 'raiment*  of  other 
material*  would  in  *ny  sense  !»•  a  sulwtitute  f*r  good 
packaging.  Proper  na*k  aging  would  at  ill  lie  nerc-wan, 
in  *pite  of  preventive  treatment*,  to  insurv  tliat  equip¬ 
ment  iii.'i  snpjitic*  would  arrive  in  the  tlwater  in  a  u*- 
atd<  eomlition  t’he  principle*  of  pnqirr  fwrk aging 
wore  MiimeM  liM.wWvtg;  and  -.-rn-tion  of  pa- k  igmp 
fault*  wa«  largely  a  nutier  of  impIdiwnUtmo ;  (rr- 
tai‘i  |w<kagmg  proUr  w*  o*  vortlieh  ws  demanded  fur¬ 
ther  (v  node-rat  it  ai. 

**  ORGANIZATION  OF  THE  PROGRAM 

Th«  pr  *.raw  <  u  prevention  of  deti-n  rati  *  rif  |  .. 
totfr*[*.  material*  w#i  r«mh>  i  -I  t*  tv,  TRAP 


untiiniUec  on  Photographic  Eq  up  nciit  and  Supplies, 
Among  the  studio  winch  were  made  hv  the  subcom¬ 
mittee  were  those  winch  were  authorized  hy  Project 
AN- It.?.  ’*Detcri...rat:rm  of  Photographic  and  X-ray 
Film  due  to  fungus,  Insects,  and  Moisture.”  The  em¬ 
phasis  was  pl*c-d  on  reviewing  information  which  was 
readily  availatiie,  and  win  a  additional  studies  were 
nniJertaken  tliev  were  iierfornnvl  either  by  the  niein- 
l«tf*  of  tiie  suKv.mmittee  or  by  rontra«-tnr*  who  were 
conducting  oli«?r  studies  for  TI).U\  The  program  was 
organised  under  two  main  headings,  (1)  problems  re¬ 
lated  U«  tousuiiuihle  supplies  (film,  etc.)  ami  (2) 
problems  related  to  uom-oiisumable  supplies  (cameras, 
etc.).  Termination  of  World  War  II  p: .'united  tlie 
complete  solution  of  all  problem*;  the  extent  to  which 
they  sere  completed  is  given  in  the  billowing  sinn- 


mary. 

*4 

PROBLEMS  RELATED  TO 

CONSUMABLE  SUPPLIES 

4.4.1 

Gelatin  Filter* 

Aimuig  tlie  problem*  related  to  coiiHimatde  supplies 
were  those  which  concerned  gelatin  filter*.  The  follow¬ 
ing  dlscuHstou  ivjiii e ruing  gelatin  filter*  i*  taken 
dire* tly  from  the  suUuimnittee  repirt’  referred  to 
previously. 

High  Atuio*|-lu  nc  moisture  enuse*  tlie  iilter*  to 
*wdl  and  to  Iva-onu  tacky  In  *iu  li  condition  they  are 
very  susceptible  to  fingerprint*  and  hainlting  mark*. 
They  often  stick  to  the  paper  emek>|*-  in  which  they 
art  *hip|ie»l  or  come  o.tt  o'  the  em«‘  b,,*-  with  a  rsfili.a 
of  the  paper  surface  rttilvoase-t  in  the  gtlaiin  »urface. 
lloi*t  or  swollen  gelatin  i*  an  ev.x'lcnt  mitrimt  for 
fungi  and  ltacteria,  and  although  an  uninairvd  filter 
mav  Is*  siurcr  full >  nut  into  n*e,  it  max  U*  onh  a  few 
day*  U'fore  the  filti-r  become*  rhntlv  or  spott,'«l  with 
fungus  growth,  ^iwh  grow |ti  as  »<d!  a*  *--rfaif  mark 
mg*  render  tlw  fiber  optically  nn*it  f-r  wae. 

rise  iiivi-stigations  Ml  til  *  an*)**  t  wen  to 

the  devvdopnmmt  of : 

1  Mm*  tur«*- proof  ami  or  ftw*g«*  pc*»f  la«-»f  *sr  -^a* 
mi'  b»r  existing  gelatin  Clter*. 

t.  Filter*  vra*le  rdh  n  ■  nlat  n  »ul»*t  tub 
r’tal-  vs  would  la  it  sup^vort  fa^gua  growth 

It  *a»  »ea<  ■— 1  t**«  tin-  w  x>,ufact<*wra  «>f  -  wt 

dhggn-1  the  tfrifcstjip  that  a  fcmft'if  piirf  layn 
>  t  i  xr  «>ti»  H  f i mj •-**>*  tiwid  he  ntwfeiay  un¬ 
it  - 1  op*  swiitv  w*re  alrv»-|v  i*»  w,  t  th.*  rf*l* 
It  bus  uni  jwt  Wk  that  a  ft^vvat  m 
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m*<  v*w  rv,  iiia*nmcli  a*  a  moisture-proof.  m>niiutriv:it 
l«i-«pur  nay  sufthv,  Tlie  tiiin*  ha*  been  Ivsv  short  to 
tnnke  a  full  investigation  of  tlie  jswsihlc  clfwl-  of  the 
Ist^qu-r*!  ca  printing  operations  and  jiariicularly  hi 
lit*  transmission  curve  of  filters  where  color  oomjmi- 
uatiim  may  Ik*  involved  in  reproducing  rdor  prints, 
I’rclimiiury  rijants  frutn  the  field  indicate  tlitft  lac¬ 
quered  filters  represent  a  definite  improvement  as  far 
as  retarding  the  swelling  of  gelatin  ard  the  prevention 
of  fungn*  growth  ate  concerned. 

Filters  cut  from  large  lacquered  sheet*  arc  vulner¬ 
able  to  attack  and  infection  bv  fungi  along  the  cut 
rd>;c*.  If  left  in  contact  with  water  the  laixjuer  coat 
lends  to  peel.  Only  meager  information  was  obtained 
on  the  names  of  fungicides  used  in  lacqui  ring  exi»eri- 
iiiouts,  l*ul  in  general  tliey  were  eom|)ouxids  known  to 
have  good  fungii  idal  pmjierties. 

,\u  result  of  this  activity  it  seem*  that  the  appli¬ 
cation  of  lacquer-dipped  coatings  offers  an  immediate 
alleviation  of  the  problem  and  it  is  recommended  tins! 
flltc  manufacturers  Ik*  enoiuraged  to  eiiiiumc  the 
work.  It  i*  apparent  that  lacquering  teilmiqne  is 
iii-*-ded  to  cover  the  edges  of  the  filter.  It  in  also  reiunt- 
mended  that  consideration  lie  given  to  a  specification 
requiring  that  filters  be  packed  in  heat-sealed  foil  en¬ 
velope*  to  insure  keeping  until  they  are  put  into  use. 

The  substitution  for  gelatin  of  nonmitrient  niate- 
riials  such  as  eelluloae  acetate,  Luetic,  or  some  of  (l** 
n*«*cntlv  developed  |xnviucrs  conld  not  la1  undertaken 
due  to  existing  conditions,  hut  such  materials  merit 
music  ration  in  any  long-term  program  that  may  bo 
undertaken. 

tt-3  f  XJuUincm  for  Chemicals 

.\ttenti.*  t  was  jd»o  directed  to  pnlileirs  cow-mnng 
onitiiiiero  f**r  rheniicats,  Ueports  ai  <  data  fn-m  the 
•«-ld  r»*vea!«sl  the  innurows  ehorteoDiing*  cf  -tnndard 
i«  rdlmard  nr  metal  rsait*i‘»vr»  Thev  w«,uhl  nuteii  lode 
KMO-Hr*1  T)i»r  »*tln«taiiil  rough  handling  Kur  ihenncal* 
wliu  h  «b>  *<«t  riqn  rr  a  gl»s,  eistaiver  a  rip-strip  m  1 
do  ml  can  with  lithngraplu-'l  laWla  a  h-1  an  external 
F[»pln  wtsiii  <  f  «-orn#w«ti-n  •i-'awt  L  -qin  r  had  been 
fotnnl  sati-f-e  t  ry  i 1  tropical  a^a*  Th*  ch-  fth  ale  ran 
I*  p»  ked  b«s*l>  l*i  tlw  chim  i»f  ta  lartova  wlorh  arr 
placid  in  the  can*.  TV  eurmasiai-no  Haul  :«ii,wr  pn 
w  tit*  otark  «*-rnwe^«  and  atlaa-^wr*l  r  ms  sit  wf 
th“i  tl  *i!*»rc 

lV|ier  lahe'1  tav*  ,-ii^rally  pn*-|  ■■  —tisfwrWy 
t*T  t-  use  ■  l‘  ey  wistbl  I-  *es  iVa<  l»  !  >*i 


would  Im>  destroyed  j*artiall\  nr  entmiy  by  inject  or 
fuugiis  attack;  tin*  a  |wrlicnlar  problem  with 
gin**  container!-.  After  consideration*  of  alternatin' 
method*  of  labeling  glass  and  the  owl  of  each  inclin'd, 
it  was  recommended  tbal  1.i1k*Is  made  with  ccramie 
pigment*  (smh  as  those  lined  in  the  soft  drink  trade) 
w  mid  probably  lie  most  satisfactory  ;  however,  the  use 
of  tropn-al  lacquers  for  this  pur|a>so  should  lie  investi¬ 
gated  further,  since  the  iim*  of  Imqiii  r*  would  jamsihlv 
lie  less  expensive  and  more  convenient  where  a  small 
iionitier  of  any  one  tyjie  of  IhUI  was  involxial. 

Containcra  for  Photographic 
Film  and  Paper 

Many  tv |k*>  of  problem*  were  involved  in  the  coii- 
.-nleratioiis  of  containers  for  photographic  film  and 
]<a]HT.  Theta*  are  presented  in  detail  m  OSltl)  Ifejiorl 
0218.'  The  requirements  that  packages  of  these  mate¬ 
rials  Ik*  waterproof  and  n:<iisture-n*«i*taiit  and  that 
they  !*•  able  to  writ li-tnml  rough  handling  aud  pro¬ 
longed  storage  in  the  tropics  are  gwrainouiit  T'hv  phy¬ 
sical  nature  and  form  of  tl-e  packages  were  shown  to 
la*  itii)sort« nt  from  the  vicv|aiiut  of  susceptibility  to 
damage  and  ciiiivpnieiiie  m  storage.  A  very  important 
feat  ure  wliivh  deserved  attention  was  that  some  pro¬ 
vision  be  made  for  container*  ami  wrappng  materials 
which  iviilil  la*  used  in  the  field  after  tl.w  original 
package  ■  t«  nimial  aud  |>arlly  used. 

lh-|a>i  were  recciveil  that  heat  scaleil  foil  ai  d 
x-err  .  ■  upping  wen-  satisfactory  for  k«*ping  films 
drv  duntig  shipawm  ^nd  storage  in  tnipi-.al  i  limit  f. 
With  •uilt  [wikagmg.  film  atul  pa|x  j  solid  usually  lw 
ki  pt  I*-*,!,)  I  it*  i  vpir.itioi  date.  i">,*>cr  a*pect*  v-f  over 
*cas  |wckaging  vrere  also  tatufa  torv.  It  was  lsanw-1 
that  the  Kastman  Kodak  t'onq«oy  bad  un<lcrtak«ii 
a  b*s»ad  rij)crimental  program  m  paikagtng  to  obtain 
further  improve ui«iits  fui  »M-»ti(atu«n  to  tnaUnals  **~ul 
1o  the  tri^nis. 

I  n format n hi  #ame»l  fr  om  tb*  pmgram  wi<  made 
a*ailaMr  to  tis  ^ufarwiMiits-  c  1‘lioKgra*  <n  ls|aip- 
u^ct  at-d  SupplK-  a-*-l  is  n-,s>rf«««l  m  O^RI)  be]*»  t 
■t  18  1  !**  kag  ^  ;-r  in  i|,U-»  wl*  i  ■  «,re  **tji-li*  -  fer 
plw-ti*crapH'  cq-ij^-  t  *ik  cupr-1  «  as  th  p*~ *«  11  of 
tlww  i mew  igwlnus  sr*  jpv*f*  in  tin  as  f  ’*  *w» 

1  The  i<-  h*  lua  a  wt  of  si  mt*s  •  pro  I  ict  jw  »*s 
n*  *  i vs  t  j-fati  rv  wwattiw  ■  »(wr  a*  1  h,-i  ’  vats' 
|rrr‘  1 1  n  |r«  fW  •«*  wf  a  tHMlwl  •*  sw 

W  st  4  m  e ->a A*  w  wii  pr  n 't  p— ■ 
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A  satisfactory  package  is  one  width  will  with¬ 
stand  three  months*  keeping  at  100  P  and  1>0  to  1i5 
ptr  rent  IMI  without  iKWitiitting  #  relative  humidity 
change  in  the  product  great*  r  than  10  per  nut,  that 
in,  1 1 1 a > e r i h )  originally  in  equilibrium  with  .>0  |>er  rent 
Hit  shall  1«*  in  equilibrium  with  a  relative  humidity 
not  exceeding  (JO  i**r  lent  1111  after  such  storage. 

•'I.  Complete  nioistnre-vcpor  protection  can  be  at¬ 
tained  only  with  the  tine  of  a  nolid  sheet  of  metal 
wltieli  eati  In-  completely  sou  led.  Other  materials,  settl¬ 
ed  or  unsealed,  can  offer  complete  protection  to  liquid- 
water  leakage  and  various  degrees  of  moisture- vapor 
leakage  Init  none  offer  complete  muisture-va|K>r  pro* 
tection. 

4.  Cert  'in  UnUmrd  material  are  preferably  lined  in 
such  s  manner  a*  not  tola*  in<  hided  inside  the  liermeti- 
<  ally  waled  packages.  Snell  usage  prevent.*  a  piruihle 
ii‘i>ihtnre  reservoir  as  Well  a*  isissilde  eoiitamiiiator* 
from  lain"  in  tile  positiou  of  potential  troublemakers. 

There  are  aU-»  given  in  OSItf)  Re|*<rt  t M’  deserip- 
tinnaof  the  ty  i*1'  of  packaging  which  hate  been  applied 
in  accordfirvY  with  tie  above  principle*  to  the  follow¬ 
up  material* .  sheet  film,  both  portrait  and  \-rav ; 
film  pack*;  amateur  bla<'k  and  white  roll  films;  rolor 
roll  films:  amateur  and  professional  >n<  lion  picture 
film  in  roil.*;  anatnir  motion  picture  film  in  maga¬ 
zine,  oun  catm  j  refills;  aerial  film*:  dental  X-ray 
lilnis ;  inijs'is. 

'I  he  foiigonig  paragraphs  indicate  Hint  the  prob¬ 
lem  of  jinking  for  o.cnsCY*  shipment  was  remedied 
to  a  large  cvtut  within  the  time  that  innovation* 
eon  hi  I  c  pit  to  prnctioal  use.  There  still  remannsl. 
Imwevor,  th<*  need  of  some  means  »  f  pmtocling  films 
and  paoer*  aft<r  the  overseas  pmkapnjr  hud  Iwen  re. 
moved.  Mislifloalmu  of  packs  til  11=**  to  allow  rs-sealing 
did  nol  appear  t**  lie  possible.  It  was  »ugrc*l<-l  that 
separate  eir.  rlofies  he  Included  in  a  jmckag®  for  re- 
wrappmg  |toitnai*  nf  the  |>a<  k  which  were  not  uwea 
immediately  An  alternate  suggestion  was  made  that 
an  auxiliary  wrap|wr,  constating  of  an  envelope  with 
an  efficient  type  of  fold,  lie  used  iu  eunjuelion  with 
the  oversea*  wrapjwr ;  tint  would  then  l«  in  pi*.*  after 
the  oversea*  urapjatr  wru  l>..«ken.  \n  olni.ms  remedy 
t  tin*  prubh  w  wowli  l»e  t-j  etr.plw.  un»t  pa<A aging  of 
fittr*  and  pw  *rs  wherever  ;KV*-thl*-  and  w  th  tV 
f  n^xT  material*.  prrtc  tmn  otH  le  g-v m  to  in»liv id 
. al  it*  <*  mill  tie  v  wi-r.  i**ed  I*  i*  *  n  *i<aMe  that 
tl‘  r.T|*w»e  which  m  „ht  la’  i*1  "red  in  th»»  w--*u  *  - 
pmli'ou  vs  \  -  t  the  «  ■  —miltae  j  J  that 

a  I  ^  <i|»**«  (41  |W>»  of  the  pw  k»c  ‘  sf 

a*  I  jsajww 


441  Deterioration  of  I ’holographic  Hint 

In  Oetolvr  1D4.1  the  deterioration  of  developed  pho¬ 
tographic  film  was  briefly  described  in  the  Australian 
report  of*  the  New  < lumen  Seienee  Mission  which 
stated  that  mold  grew  on  film*  after  development  and 
caused  slotting  iu  prints  made  from  such  films.  No 
other  field  reports  oil  tins  subject  were  broitgl  t  to  the 
attention  of  Tl>AC  until  Derrnitier  1  !< 4 4  ami  January 
I'Jto  when  reports  from  members  of  the  Panama 
Seienee  Mission  indicated  that  the  problem  was  one 
of  .winip  concern  to  the  Photographic  l^als.ratory  of 
A'd.rnok  Field.* 

These  observations  along  with  others  were  also  cited 
in  OHIO)  Ue|x»rt  Attention  wa*  fiirtln*r  di 

revtvsl  to  tlie  problem  in  March  1  !•  4 J  by  an  Army 
reqms-t  for  investigation  of  |ios*ible  protective  rnens- 
nri's  for  priainsol  film.  The  ih*c*1  for  them-  was  ind»- 
catisl  by  informs!  reiiort*  made  to  the  Maintenance 
Utvi'.ion.  Headquarters.  Army  Serv  nr  Forces.  As 
indicutid  previously,  this  project  wa*  assigmsl  to 
ilir  SiiUonmnt on  IMavtograpliii  Fqni|<ms-i»t  ami 
Supplies. 

From  a  military  vn>w  lbe  principal  rewHin- f  r  width 
it  is  desirable  t*'  prevent  deterioration  of  develop'd 
title  are  that  iicg.>tiv««  constitute  imjwirtant  hiat«*r*eal 
reevirds  of  units,  campaign*,  «*t»  .  For  individual  netl 
iral  rrcnnls  X  rav  fib  *  are  **f  t  rjnal  imjiortance  Cr<- 
qiirmly,  if  a  negative  i»  dsmag**!.  hut  still  n*«lde, 
mm  ti.ie  and  trom.li  i>  c.\;«n*led  before  a  siniable 
prin  is  obtained  from  it.  It  msv  Is*  inipmsble  tm 
obtain  satisfactory  i  lilargi  nrent*  fnnu  *vicli  negatives. 
Whenever  it  is  m  <**-arv  t<>  ‘tore  ()ov>akipnl  fi!nt«  m 
the  tropic*  these  probh  ins  art  er  eounteriT  unlvw 
fanldie-  for  eontml  of  l>o»h  r.owtnre  ( humidity )  and 
trmperatnrv  are  available  The  pmlueni  i*  no  < lie i lit 
•ggravateti  by  the  vntventt  a  at  a  id  j-  rbaps  netesaary 
prarti'*’  'if  storage  ui  emehqvs  w  ih  bit^  or  no 
tlrs(<v  f>>r  air  rirewlat'or.  around  die  him  With  rg 
lime  -torage  it  »  net  dHaiill  i»)  v  *ssliz<  e\tr  mt 
fungus  altaek  in  wlieb  tin  gvlatm  *  k*llv  t-hst) 
Without  ad-xtnab  *!«•!»*,.  («s|hmiw  ei  the  trope*, 
iRijs-rtant  phot<  vaplii'  evord*  omhl  onlv  be  lijet 
free  from  fungus  f?a«d>  I.y  ivn*t*M  insjax  tmn  and 
att*nt a*n  Tie*  hw«  «ee*  i»  Jintetl  by  .dfs-er*  Who  Have 
rrtwmed  from  Pacific  area*  ’ 

\n  at*  rr«t*lW  f— *t  e  t  f  -  ,'-t-  pctl 

w  i<4i  art*  a,ta?v'-‘  bt  {  m  *hat  tV  v  .lev-.  '; 

'fVrwwd  n  -  t  n,  ^  aw.  >  i>  f 

t am*  J  fwH*  marHM  il»  tart 
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fcfw .t ^  in  tin*  are.i  of  tin*  mve-ehum.  The  blue  *|x>is  aic 
exintiiied  ♦«  Hit*  Ihu  k  of  the  <>lm  ami,  further,  to  those 
tv]K*s  on  hit'll  a  blue  antihaiatioii  dye  hail  liecn  used. 
It  wa«  suggested  hy  Karglwxirn  (|s*rsonal  '*omvpou- 
deuce)  in  Panama  that  the  the  is  sensitive  to  /ill 
e.ianger  mid  under  the  influence  <-f  metabolic  products 
of  fungi  the  >t>lnr  reaction  was  produced.  Alternate 
•negljrnUnni*  in  explanation  of  the  color  reaction  have 
been  made.1*  These  indicate  ilmt  after  the  deuelccpmg 
bath,  when  the  hhie  <lve  is  reduced  to  a  eolorlet*  form 
hy  the  action  .if  sulphite,  the  colnrlcae  fonn  of  the 
the  i-  r.ot  entirely  reinoxed  hv  washing,  and  with 
|irt«*sence  of  fungus  growth  it  is  rco\i diced  to  the 
color  -uiie.  1!  iwexer,  Itarghoorn  indicated  (corre- 
x(K»nU*nce )  that  if  film  i*  th'clojieil  in  pyro  dt*x(*lo|>er 
tie  spits  do  in  t  upp-ar.  Alsu,  it  lias  l»ecn  statist1  that 
tin*  color  can  lx*  produced  by  application  of  an  acid. 
It  is  interesting  i  his  connection  that  Barghoorn 
eihswru-cl  (dirn  spondenee)  that  a  spe-eiee  of  IVnieil* 
hum  sat  capable  of  rxtrni ting  tie  pigment  and  n>:i- 
centrutiiif;  it  in  the  blue  form  in  spires  and  biphict*. 
Further  imr'tigi  t***"  *.s*o*s  1*1  U  i»eee*-nry  -e  ■  rd.  r  to 
detenu  lie  what,  if  any.  relationship  exists  between 
the  « iggiMed  //II  reaction  and  the  oxidation  reduc¬ 
tion  reaction  in  pt.dnenig  I  his.  color  spitting  This 
phase  of  the  problem  is  ivc<  of  primary  impirtame, 
Imi  these  matters  should  i«*  clarified  in  order  to 
a<  hicu*  a  ninpMe  understanding  of  the  situation 
Among  th-  treatments  which  liai*  iweii  ur*d  in  tin 
fo  !<*  t>>  eliminate*  fwngu*  spotting  of  dexelopc  1  Pint 
•>•  nf  Mertluosal  (0.1  p*r  cent)  dissolved  tn  « 
loixi  n*  of  m-rtii  ie.  **thxl  atooln»l.  and  propv!  ah*ohH 
and  applied  to  the  film.  In  tli*-  rep/rUd  trial  thi»  w.v« 
applied  t/i  Kislachronu  moxie  tilm;*  in  addition  the 
film  reel*  and  ci*e*  w,  ri  paiiie-d  with  Me-rthe*i»ai.d 
paint  Thi«  treatment  proud  to  is*  xerv  efTictivr  in 
pre \en  ting  fungus  growth.  OSIID  K**j  irt  Rif  in*  indn 
1-all's  that  pn  limn.arx  reports  were  i-.  night  to  tin* 
attention  of  the  iSidv-oinwittce  on  Photographic 
Kcpupmcni  and  ''nj^ds  «  that  aonn*  nianufsc  tn *eo» 
wees  di:rlu<1iisg  expe-mm-nt*  to  ioeorjairat  •  a  fnugi 
c  ide  in  emulsion  at  tlie  time  «f  manufotnn,  h**t  it 
was  ditto  ri|  in  find  a  compou  1  that  would  not  alert 
)  he  photngrwpt  c  pi>ipei1ic«  of  the  rmhkm  ard  at 
the  miiv  tm-e  w  .  H  irt  w  i— h  onf  during  the  prwxr**- 
•ng  .\ii.-th»r  aj  preach  ahn  h  had  reeix  *d  *»»*■  Ikv'-*- 
i  «  n**d  the  n=o  of  a  f  -'gx/Hdal  IcMxpw* 

lu  I  cot  flls-e  cr*  Jr  |*  ssl,W|is  -<*  • 

the  rerhjer  rmo*-  fft  g  i  •  were  a, »  H'“  '  **fl*e 
■  us  wlatc  •*.  io  tf*  Arci*-^«s1  |5**  The-W  arr 
)•  (1-  1I]I  p  »  I  ’'Jx‘l»*,l  o'  1  v  ■»  “wle  to  'hen 

«  1 1.®  t{  1 1  |  t  ■  »rt  f  1p 
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I ii  the  tests  refi*rrc“il  to  n  the  preceding  paragraph, 
the  majority  of  the  treated  films  were  exp/sed  in  the 
tropical  house,  nut  some*  |x*tri  /nsh  tests  wen*  untie. 
The  observations  which  were  mack*  included  the*  pres¬ 
ence  or  ahaenev  of  fungus  growth  and  the  degree  to 
wliii  h  softening  of  the*  emulsion  oceiirred.  t’ertain 
c x |H*n men t al  treatments,  even  though  they  prevented 
the  gmwth  cif  fungi,  eanscsl  a  softening  of  the  emul¬ 
sion.  After  prolonged  expisiire,  certain  treatments 
wliiih  wen-  initially  satisfactory  pTinitted  fungivs 
growth,  or  ranscel  a  tacky  or  soft  emulsion  or  both. 
The*  eoiisistcmy  of  performanc-c*  wa*  oc'iiaiilered  m 
xaluating  the  effeae y  f  the  various  treatments  The 
end  of  V'orlel  War  II  prexented  the*  complctum  of 
studies  nnih-rway,  hut  sen  ml  pronii-mg  leads  wen* 
obtained. 

rill*  most  satisfai  lory  eoiiipmml  in  tl**w  exp*ri- 
nieiits  was  a  mixture  o.  high  moleenkr  alkyl-dnuetliyl 
Is-iuyl-anmioiiiim,  c  hlorides  which  is  marketed  nndei 
the  1 1 a< i i •  name  of  lbn-eal.  The  ixuumenial  solution 
contains  10  ja*r  ivnt  <»f  the  *■  tixe  tx>«p'iind«  and  the 
dilutions  indicated  were  made  of  the  eowtnemal 
|irrp«ratiou.  In  tartri  dish  lest-.  w!u*h  arc-  far  m  >re 
rigorous  ihae  rropi.-nl  l.oust*  t*>ls.  a  dilution  of  1.  loo 
applied  to  Shu  was  sciihcicnt  to  keep  it  fnv  fr«n 
fungus  for  a  ja  ricsl  of  at  lra«t  two  wes-ks,  tbs  jH-r'csl 
of  tl.e  test.  \t  the  end  of  tlmt  time  the  ctunl-um  rc 
maincsl  hard.  Ici  a  trop/cii!  la  use  i*-si  lasting  tw  wwks 
all  anniphs  c»f  a  dilution  r*es  r.cog  *'g  fr"t*i  0.1  tc» 
100  p*r  cent  remained  free  of  fungi  •  while  smf  no 
gmwtf  wax  peiswni  spi  i«iln  >*dcs  of  intrcatcd  It-aiuol 
scunplcs  No  undue  s.ifti*i,i»g  .if  the  eimilsi—i-  im-iwc n«l 
mi  ,iii\  of  th»  treated  ainpf  *  c  xcx*pt  m  tin*  samples 
treated  w .  th  the  foil  strc*sigtu  wluteuo  w^irh  w -ic 
slightk  -*kx  Hiu*  rcjsnt  fnun  tc  film  ac*  nufar  t-ir**r 
who  |srrfi.ri«Hil  fmmtioiial  Issts  on  sample**  t  r«  • »« - 1 
with  a  I  Itl  dihit in*  inch  aUd  that  no  umh sirahlc- 
•  fTec !  wa-  pn>r!ace.J  hy  tin*  treatumot. 

\nc-Ui'  the  other  trewtirrtitp  xrle-c  Ii  d  owcsl  pmimee 
in  tl—  t«-t*  xnr*  ths-  *  out!  ficngK  eh-s  of  Mcrt  n- 
•late  atiJ  *N*mc-ewn  Mer-urj  *t.  mat  »ea  eiay  Ir  toxic 
lc  |Hrsniti*l  aed  thex  are  |mtn- tial  darlrts-i  m»o 
tiimr*nis.  Since  safer  miittnals  to  ••  *mrc 

prtnn|si|.^.  fnrt, p-i  h.r.'.igs,  js.  f  f!*„  tS  te  rwies* 

c  f  'Ht  rre’1  t  -*m'«»u*i-lB  w*  fiecgr  te«  to  Is-  woplied 
<o  itexch^sd  film  wa  tet  rr»s ** * meuded  It-  this  n«n* 
itfN r  -»f,  r-  *i«|erat- c-m  in*  gi  •*  t-i  *  -  eraU  if 
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which  Merthiidate-trcat***!  jwrts  did  n.4  route  in  roii- 
**rt  with  Rim  w*r«  negative.  It  i*  probable  tliat  a 
cautious  use  of  Msrthiol..te-do|>e«l  lacquers  would  bo 
practi -al,  if  application  were  restricted  to  those  parts 
such  ax  lena  ha  reel,  cone,  and  external  surface*  which 
«h>  not  come  in  coTitart  with  the  file 

One  other  promising  suggestion  has  resulted  from 
tin  exposures  of  experimentally  Ireated  film.  Nylon 
dissolved  in  propanol  did  not  prevent  fungus  growth, 
hut  it  did  prevent  softening  of  the  emulsion,  thua  in¬ 
dicating  that  it  senes  as  a  good  moisture  harrier.  It 
is  conceivable  that  superior  jierformaoi'e  would  be 
obtained  if  a  suitable  fungicide  such  aa  I  tocos  1  could 
lw  applied  in  a  moisture-proof  coating  inch  as  Nylon, 
mill  this  possibility  deserve*  further  exploration. 

The  possibility  of  overcoming  the  problems  of  fun¬ 
gus  growth  of  developed  film  by  improved  storage 
envelope*  ia  also  conaideml  in  OSKD  Kcjiort  8218.* 
It  was  suggested  that  improvement  can  >«;  made  by 
the  use  of  fungieidally  treated  paper  or  by  the  use  of 
extruded  tubes  of  Urin  plastic  material  which  would 
l>e  relatively  resistant  to  fungus  and  be  moistcrc- 
vapor  proof, 

Also  given  in  OSRD  Report  6218'  are  brief  dim- 
turns  for  the  cleaning  and  restoration  of  fungus-fouled 
negatives  so  as  to  enable  them  to  he  used  with  im¬ 
proved  results. 

PROBLEMS  RELATED  TO 
NONCONSUMABLE  SUPPLIES 

The  classes  of  deterioration  of  equipment  such  aa 
camera*  wen  pmionslv  indicated  (Section  <>.?)  as 
(1)  deterioration  of  lenses,  (21  dcterevralion  of  ex- 
terior*  of  equipment,  and  (3)  dHerioration  of  in¬ 
teriors  of  equipment,  iircthaiiical  parts,  etc.  As  with 
other  materials,  the  deterioration  is  the  muilt  0f  the 
effect  of  iwiistn re  and  fungus,  or  b».  tlu  and  therefore 
no  new  fnnd* mentals  arc  introduced.  0SR1)  Itcjiort 
<5218'  summarises  in  detail  the  nature  of  all  these 
effects  amt  enumerate*  the  .mart  f‘>»»ible  method*  for 
protection  of  cernr'a*  and  oilier  equipment. 

*,S1  Protection  of  J^cnac* 

Funds  men*,  a  Ihr,  the  rcaron*  for  the  deionorat  «wi 
of  lenses  in  centers*  are  tl mac  which  «rc  given  in  (,’haj»- 
pr  .1  'n  tbs  «l**i  i«-nr oiiM'erning  errficat 
tneote.  Tl**e  probhrow  in  al>  «*-rt*  of  cqu  pi-»ent  em 
pisving  cpli  al  *•*--  ms  a r*  •  kwH\  parallel.  n*sj  I 
pns  .tdy  in  r-roedial  and  pmeniite  treatments,  where 
hm  ta’i-  n«  sill  be  mpo»*d  bv  estate  «*f  the 

i,j“; pc-:  n*  if  -----  -T"  *--!  *•—  !l  «*  »>•<  eine«-*»»l. 


therefore  unit  fungus  slid  moisture  would  affect  al! 
lenae*  similarly,  and  experience  ha*  sltown  thi*  to  lie 
the  case.  The  fungicide*  Merthiutate  ( Mrrthiossl  I, 
(‘reeatin,  and  fenchyl  tliiocya.’">«c<*tatc  have  been 
used  to  prevent  fungus  development  in  the  optical 
part*  of  cameras.  Of  these*,  Merthiotate  ami  fenchyl 
thiocyannaeetate  have  jiossildy  been  more  widely  used. 
Both  of  these  would  scent  to  be  more  easily  applied 
than  t’resatiu  *a|  wider  which  have  U*ou  uses!  for  binoc¬ 
ulars,  primarily  because  of  the  space  problems  Mweru 
lenses  where  the  ;ned  for  treatment  is  the  greatest. 
Mertliiolate  can  l»e  applied  in  a  0.2  per  tent  solution 
in  a  fiat  black  optical  lacquer  to  leu*  flange*  and  the 
inside  of  lena  barrels  in  an  attempt  to  cover  all  proxi¬ 
mate  part*  without  getting  the  mixture  on  the  lenae* 
themselves.  Fenchyl  thiocyainvacetate  can  he  applied 
in  the  Csrlwwax  mixture,  given  in  Chapter  3,  to 
screw  threads  as  well  a*  id  a  lacquer  to  other  internal 
surface*. 

tJ2  Deterioration  of  Camera  Exteriors 

The  nature  of  the  deterioration  of  exterior*  of 
eetneraa  ami  other  eipiipnpnt  hv  moisture  and  fitngno 
depend*  on  the  nature  of  the  construction  and  the 
finish  To  mention  a  few  such  effects-  wixwlen  portions 
nun  have  joint*  loosened  and  support  fnugus  growth; 
leather  will  n>-:’d  and  ;<ec!  eff  wjrdi”.:  .-r  iiwUJ  <»**•.; 
aluni.mmi  an*)  other  metals  will  <»rrodc :  and.  lad- 
low*  will  deteriorate  and  develop  pinbob**.  (’avrying 
•  as<*s  will  also  l*c  affix t«-«i  In  moisture  ami  funga* 
sime  fabrics,  felt,  cur*,  etc.,  used  in  such  carrying 
irt'C*.  are  *n«ieptiWc  h>  deterioration  and  in  addition 
to  the  deteriorate  hi  of  the  eas*  s  themselves.  mure 
were  condition*  result  fur  equipment  stored  m  **u«h 
*-s.«es.  In  many  cases  jicrfnrn'.nner  of  equipment  has 
l*cen  impioMxl  l>>  stripping  iim  *♦>■  ntiai  Pnirbing  ttemx 
from  the  equipment  or  by  siibstiiming  f<>r  lb  mi  )•■*» 
•!****qitiWc  inab-risi*.  Improved  jterfonnao.e  also  r«- 
sulted  from  application*  of  fungicidal  lm*pn  r«  and 
varnishes  to  such  material*  which  ixwild  be  p’ot«x  ted 
nr  this  ms  run.  In  addition  to  - *»*-h  procedures,  ir  - 
prov  I  n>Mi.'itsn#me  an  I  'tongs  mnditien*  (vnild  vaat 
Iv  hmglbeii  the  service  life  of  equipnr  iit.  Maiv-'rnsmt 
and  et  po-eilures  ntl  he  d  s<  ussrd  in  s  later 

sc-tion 

Deterioration  of  Camera  Interiors 

Be* •>  of  tb«  fait  llist  «a  <**ra*  ami  other  photis 
grapbir  sqwi;>twet»t  are  of  onsfwb-l  c*.-  .<»  *.qi«  o,  W 

teno'at-*  f  n*»evval  parts  a«w|  •  . .  .  l*U‘e 

d*  IhrnU  fn-iii  u  o  >n;  <w  *.f  evtrri  r*  r  vo  (4  f  *  •** 
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fail  that  mechii  ideal  and  functional  jmrU  are  involved. 
Kxci’i'l  fur  a  certain  few  part#,  one  j*>int  in  contrast 
lwVacvn  external  and  intorinn  metal  parte,  jwrtieularly 
in  aircraft  camera*,  la  that  exieni.it  p«ii»  .wiislly 
liwic  m  linked  protective  finish,  whereas  aueb  a  finish 
or  plating  in  not  compatible  with  th?  functional  oper¬ 
ation  of  the.  inner  parts.  Therefore,  rust  preventive* 
and  lubricants  mtiat  be  relied  ou  to  maintain  the 
working  j*arta  in  guod  condition. 

No  attempt  is  made  here  to  cite  tin*  numerous  diffi¬ 
culties  which  result  from  eoirosiou  ef  the  various 
jvurls  of  aircraft  and  ground  cameras-  DSHD  Report 
G2I81  thoroughly  analytes  the  effects  of  corrosion  of 
misoepliblc  parts.  In  aircraft  cameras  corrosion  ern 
affect  tin-  camera  drive.  Him  r.iagtuine,  and  many 
{•arts  of  til*1  complex  shutter  irv-ehaiiism,  In  ground 
cameras  shultcr  median  snus  can  be  similarly  affected, 
ns  well  a»  tin*  focusing  mechanism,  wl’t  her  it  is  of 
tite  helical  screw  type  or  the  rari-und-priioti  type. 
In  any  camera,  of  course,  !etv«  screw  threads  may  cor¬ 
rode  so  that  it  i*  impossible  to  remove  the  lens  for 
replacement  or  deal  tug.  The'  only  safe  method  of 
mmltfktliug  these  potential  difficulties  is  by  frequent 
inspection  and  maintenance  ( lubrication  and  the  use 
of  ru-d  preventives^ ;  this  is  called  for  despite  the 
ndequaev  of  storage  fa  ditties,  tjioquers  can  be;  used 
to  advautng*-  on  metal  purls  wWh  are  ned  working 
surfaces. 

bi  4  St«»r*wc  (  omfitiotts 

The  basic  proven' ivr  which  e*n  U*  a| vplic*  1  to  pre- 
t  ret  ton  of  photographic  equipment  is  dry  storage  inu- 
ditntii*.  l'lcotx  csjcipmci  ‘  undergo***  little  if  *nv  de- 
torinnpinu  while  in  tire.  Ur  ter  e-ertain  ojieralitig 
isenlitions,  of  ixmr**.  such  storage  facilities  are  out 
nf  the  uiicstion.  but  in  more  nr  leas  established  base* 
flirt  are  ]Mn*«ilile.  Karmitu’.lv  tliev  an;  not!  i.ig  uwin> 
than  a  hot  room  or  dit  lockc  r.  tin  *iac  rati  Ik*  varied 
with  the  lived,  but  they  should  ls>  im  larger  than 
mtvMsn  to  ‘tore  the  equipment.  In  gpoond.  th  mom 
sfi»«nM  !-■  a»  a»r*ight  as  jvvjaibV  with  an  adjn«ia!4c 
vent  and  a  l»  At  «e  tircc  lac  b  as  electnc  l»*iv* j»cv  r.r  a 
l>«ater  with  1-lower  aKach  neut.  The*  floor  MwoH  Is* 
elevated  from  tlw*  ground  to  pi-oih*  for  (inu'atmi 
lirbvw  Carr  must  Iw  taken  that  a>r  nrmlatc*  u  an  I 
ai  *-nd  the  rq*«,’r"*nt  aad  no  air  trip*  ca>  ur.  '•c 
-1  wage  fanliue*  ivu,  W*t  r>ih  aB  actus  nspreti  a 
and  B-airtvt  a*  prem*'*  sHwrhl  duaioate  many 
drlfc  oh  - .  **  's  »Jeiist»oraf*wu. 


fcS,s  Iiiijwovcmrnth  in  Design 

Finn  burn  dial  progress  can  be  achieved  in  reducing 
deterioration  of  equipment  under  tropical  condition* 
by  improvement  of  design  and  eun-trudii.u.  The  fol¬ 
lowing  recommendations  for  future  design  have  Urn 
included  in  OSIJlk  Report  fi’f'rt.1 

It  has  Imen  state'll  that  little  of  the  plmlographie 
equipment  used  liv  the  Armed  Fortes  a  a*  dc'signetl  for 
the  abuse  and  fur  the  extremes  of  climate  and  handling 
which  it  had  to  withst-iml.  This  fad  is  absolutely  true 
and  it  i*  the  reason  why  so  iinn  li  trouble  was  experi¬ 
enced  with  ground  photograplne  equipment  in  the 
tropics,  limn!  cameras  ami  acecsaitry  equipment  used  nv 
the  Army  and  .Van  photographic  jtersonnel  rciiiaineil 
the  lightly  built,  difficult  to  repair,  ctnnmen  id  in¬ 
struments  tlwct  will  not  stand  up  under  v  ir  conditions. 

t’aincra  equipment  for  war  should  lie  designed  to 
jwrmit  quich  disasaeiiibly.  The  mechanism  should  l*c 
easily  arctwaiMe,  through  i napect ion  plab*.  making  it 
nintcHvsMry  to  tear  down  a  unit  to  tuhr'eate  or  m- 
■qiert  it.  All  major  component?  should  lie  interchange  ¬ 
able  fur  ea?y  roplaivment  in  the  field.  It  should  be 
pnv:l*!e,  for  in.  tnnee,  to  remove  a  foeal-jdane  shutter, 
as  a  oniiplide  unit,  and  slip  another  one  in  place  in  a 
i-msplo  of  minute-.  I  lei  ween -the -loin  shutters  ahonld 
Ik’  sfurdv  and  intc  rc  luogeaMe. 

The  entire  camera  she  uld  la*  loiislrmli  ■  of  metal 
with  a  noncorrome  finish  and  of  weal  her- resistant 
P»fj>erf ips.  Range  funlers  and  ttasli  scskits  slumld  lw 
built  in  and  protec  tovl  tr<>m  ramorsprav  Making  those 
nevesrt ,ries  integral  with  tile  camera  alrei  elinmtateM  the 
]K>s*ilmity  of  tiieir  loas,  which  wouhl  immediate  lv 
.•endcr  < anicra  o| era! am  iiHujuplcte.  Isatlcr  **r  fabric 
should  Ik*  ehiniuateil  from  tlio  military  camera. 

('ontrols  slaiubl  la*  orersiw  anil  «ti.rd>  Wind  and 
trip  action,  esjiceiallv  in  <  nine  ras  hav  mg  tsilli  U  twarn- 
the-lens  and  fcswl-plaim  s'mttor*.  should  *  made  fued- 
pmof  by  interlcKk-ng  in**c  ban-swis. 

M*»t  important  «*f  *11.  r«m*ra»  ]>articularly,  and 
other  ph*itc*grapl"l.’  c*quij-iwent  to  a  hwaer  extent, 
dvcvvibl  l»-  'b*ng  icd  tc.  >«ms  apart  in  n  matter  of 
nmnite*  to  ji*rn  it  cpiuk  rejvair*  R<fie  (lOwirmtHKi 
i<  mu  ini|Miaaible  in  a  <*-m  ml  <  am«  ra  and  it  i> 
Kiglily  rr*-«-minende»l  that  tbi*  kept  in  musl  ♦  i 
fnt -ire  «1<  ig  «  \ii  infa*trv  man  autcwriatu  ally  l*kr« 
Ins  g  in  a  j«arl  for  « leaning  at  fre«j  te  t  mimal*  There 
t*  no  rra*»-n  ah’  the  oimlcat  p*nt<*irr»)  her’*  isvier* 
eannot  lr  b**d«  si'1,  tlw  *aw»  te*  m  mw-l  The  |V- 
— a  .'--.iA.I  t»  ■  t  at  it  W  »U|  Ir  IBM*-  Us  |»| 
r  »-  -  *  ■  >  tlw  * w  ra  i—  rrr*  t’-  Th  i  .«  i  U  dm.#  by 
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keying  the  component*  *»>  they  will  fit  only  one  wav. 

it  would  b«  ■  great  help  to  the  earners  miuufactnrer 
u  well  as  to  the  Army  and  Nary  experimental  labo- 
ratorie*  if  all  raptured  enemy  photographic  equip¬ 
ment  were  (■ubmitted  to  them  for  e-ugim-T'ii-g  *tndy 
fu  fjHU-k  lr  a*  possible.  Many  excellent  feature*;  have 
been  found  in  the  German  and  Japanese  camera 
models  of  World  War  LI  that  could  have  been  used  to 
advantage  hy  American  d«*  gnera. 

Ilogsrdlrm  of  tlie  iuiprovemcnt  that  can  in-  made  in 
dmign,  it  vrill  probably  always  be  necessary  to  store 
the  equi  prnent  for  period*  ami  to  arrange  for  main¬ 


tenance  of  a  sort.  Aa  a  mult  of  new  design  and  im¬ 
proved  materials  a  superior  degree  ot  resistance  can 
be  imparted  to  a  camera  or  oilier  item  of  equipment, 
but  even  with  this  there  would  be  a  limit  beyond  which 
undesirable  effect#  would  result.  With  fewer  and 
simpler  maintenance  procedures  and  problems  it 
should  U*  relatively  easy  to  instruct  personnel  in  the 
detail#  and  their  imp/ortance.  Innovation  of  design, 
together  witli  ll»e  use  of  ideal  storage  conditions  and 
adherence  to  a  i;gid  maintenance  program  will  con¬ 
siderably  red ucc  or  even  eliminate  tropical  deteriora¬ 
tion  of  photographic  equipment. 


f 


Chapter  7 

TROPICAL  DETERIORATION  OF  ELECTRIC  AND 
ELECTRONIC  EQUIPMENT 


M  STATEMENT  OF  THE  PMOBIJSM 

osr  op  tiir  RKPOKT8  wbi'-h  discuss  the  tropiru! 
deterioration  of  electric  snd  electronic  equipment 
have  indicated  that  moisture  is  <v  prime  agent  *»f  de¬ 
terioration.  High  and  fluctuating  temperature*  and 
humidities  mult  in  the  ingress  of  water  vapor  with 
subsequent  condenMtion  and  deleterious  effects  in  me¬ 
chanical  and  electrical  properties  of  materials.  AI«*or|e 
tion  of  moisture  lower*  resistance,  films  of  wafer  cause 
surface  leakage,  and  absorption  within  a  condenser  or 
n  coil  can  bring  about  serious  alterations  m  the  v  - 
triral  cunatautii  of  a  circuit. 

Fungi  are  also  in  ,-ortaiit  agent*  of  deterioration  in 
electric  and  eL  cl  runic  equipment.  Ilyphal  strand*  of 
aurfaoc-growing  fungi  can  introduce  leakage  paths 
which  nsl  me  insulation  resistance  ami  establish 
couple*  which  pr  unvote  electrolytic  corrosion.  A  coat¬ 
ing  of  mold  eueuu  rages  tin*  formation  of  u  water  film 
over  surface*  and  furnishes  locv  for  droplet  tomleasn- 
tioji.  Moldy  surfaces  dry  slowly  Ixvhusc  air  diffusion 
is  retarded.  Moisture  .  tent  ion  hr  surface  mold  en- 
rxntrnj'e?  conoaion  of  metal  ]<ari*  as  do  organic  acid* 
whirh  are  produced  in  the  metabolic  activity  of  the 
fungi.  Further,  prolonged  exposure  to  actively  grow¬ 
ing  fungi  result*  in  chemical  breakdown  of  fluidics 
ami  coverings. 

*  Rejvorts  of  the  Naval  UeseanJi  Laboratory1  and  th? 
Hritish  Ministry  of  Supply*  are  representative  of 
which  tlisr  ims  tlwte  fa'torv.  Thr  aubji-ct  ha*  al*o  been 
brought  before  the  general  public  I>v  mean*  of  nrth  Uv 
which  have  apj>eared  ill  technical  journal**4  With 
the  book,  Tkit  u  SrriotM —  TropirmJitntion*  tin  Sig¬ 
nal  Corjv*  direr  tr\l  the  altention  of  manufacturers  of 
Signal  Corps  equipment  to  the  problem*  m  onkf  that 
th»  level  of  j<erfornmnee  of  equipmert  in  tl*e  tropir-* 
wort!'!  hr  improved. 

M  REMEDIES  APPLIED 

Tt  is  probable  t!**t  no  item  of  electric  and  electronii 
equipment  wa«  immune  to  the  effecta  uf  tropical  con¬ 
ditions.  To  Is-  sure,  many  item*  were  designed  for 
cnntinuows  u*e  ami  a*  a  general  ruk  little  dHKruJty 


was  encmiutered  with  auch  equipment  while  in  actual 
operatioi  ,  f-i.icc  the  i  Merer  Mil  temjierCiturc  and  the 
reaultmg  lower  relative  .uiaidity  rlid  not  |>ermit 
moisture  effects  nor  the  growth  of  microorganism*. 
However,  these  factors  did  not  guarantee  itiunnnity 
from  tropical  effects  during  ptriod*  of  trareut  and 
storage,  t'O  proved  methods  of  paekagiug  were  there¬ 
fore  necessary  for  electric  and  elect r.>ui<  equipment 
«*  well  as  all  other  types.  This  was  but  one  phase  of 
the  problem;  the  more  direct  methods  of  approach 
involved  the  development  oi  a  higher  rcsistHinr  to 
tropical  conditions  in  the  equipment  it-.nl f. 

Among  tiieso  latter  met  Inals  of  approach  wliieh  were 
advocated  in  the  rc|sjrts  citisl  alsne  were  the  follow 
ing:  Sulistitution  ami  addition  of  parts  ami  or  mutc- 
rials,  redesign  of  equipment,  ami  such  rcim*dial  meas¬ 
ure#  a  unproved  son  age  conditions,  kermctu  sen  bug 
when  jKswvlde,  the  vise  of  desvKwnl*  or  other  menu*  of 
drying,  the  use  of  volatile  fungicides,  and  tlie  applica¬ 
tion  of  protective  aritisbe*  or  Lacquer*  to  serve  a*  a 
barrier  against  moisture.  Those  remedies  were  brought 
to  the  attention  of  persont.el  in  the  field  by  means  of 
Uaihnical  bulletins  of  the  Army  ami  Navy,*1'1  in  order 
to  clarify  the  problems  and  to  sene  as  a  gunk  in 
raamtcuaiu-e  and  repair  work. 

Of  all  pf  there  remedial  measures,  the  use  of  prn- 
teetive  varnishes  and  lacquer*  was  jierliap*  the  most 
sigrofieant  and  w#»  given  the  greatest  emphasis  Tln>- 
method  of  appro*  li  provided  a  ready  means  whereby 
tajuipliie.it  which  was  then  in  the  field  «x>uld  la*  tropic 
proofed  and  thereby  have  its  servuv  life  ex'eudcd.  This 
method  mnMiate'l  of  applying  the  protective  lacquer 
or  varnish  by  sjitavitig,  dipping,  or  brushing  to  the 
surface*  of  finislied  assemblies  or  <on  (oi*enU  aflr 
masking  of  part*  over  winch  sjrh  a  mating  w  ilil  be 
undesirable,  suth  as  electric  controls,  relaya,  beatings, 
open  RWitiluM,  et».  As  a  protection  agais-nt  fungi, 
fibtahlc  toxic  agent*  (fiiugind**)  weie  a  1  Id  to  lla** 
•  rating  Material.  Such  treatment*  were  req-nn  I  in 
all  Signal  Cor;w  equipment,  and  tlicy  were  iisesl  exten¬ 
sively  by  other  brandies  of  tin  Armed  F  rer*  as  wrll 

The  ore  of  pro4«iire  loaiing*  was  recognised  as 
only  a  temporary  <  xpedieret ;  in  jwaetiee.  T*trewtn>ent* 

were  n*vallf  nec*-*aarv  after  i**  rimla  ..f  at*  u  sit 

•  «  • 
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rlta.'igc-  of  design  and  the  iter  of.  material*  which  were 
lea*  auxcoptihlc  to  tlm  efforts  o\  moiidure  and  fucigu*. 
Detailed  oonriderations  were  given  enmwrning  the 
choice  of  r«bi«fa»it  material  in  ««  of  the  reports 
cited  above’ M  am!  others.  Iikclr  direction*  for  ini* 
proved  design  were  also  givon.1-* 

TJ  NEED  FOE  FUNDAMENTAL 
INFORMATION 

A?  informs  tiiut  a^  omulateil  from  field  reports  and 
from  the  iuvc*ti  get  ions  ooiidaeteti  bv  Army  ami  Navv 
labornwriea,  it  was  ap|»arent  tlud  certain  fundamental 
at  pa  would  be  nectusary  before  the  protection  of 
electric  and  electronic  cquipiOMit  could  he  imprrved 
behind  that  given  by  practice*  which  were  then  atand* 
ard.  Many  question*  and  problsma  had  arieen  which 
could  only  I**  un»Ht*roil  by  those  studios. 

Etich  of  die  evidence  from  the  <WM  indicated  rivet 
many  failures  its  performance  were  due  primarily  to 
moisture  effects  a*  a  result  of  high  humidities  and 
this  tended  tu  obscure  the  precise  role  which  fungus 
held  in  Use  deterioration  cf  smli  equipment  under 
service  conditions.  On  this  b*sis  souse  investigator* 
felt  tliat  tl*c  incorporation  of  a  fungicide  in  any  pro¬ 
tective  lapqwr  or  varnfali  wa*  ursuevswiary.  Furtlier- 
HK.rr,  Use  question  of  the  iiecwwssry  and  effective  con¬ 
centration  of  an  included  fungicide  in  a  protective 
exuding  and  the  »dvMt»gr  cf  one  cr  cr.cihrr  of  the 
various  fungicide*  available  for  i1v*»  ph  were  much 
dis-  usaed.  uot  nidy  with  rrfercr^  to  their  fungicidal 
effectiveness,  but  with  returns;  vm  to  toiirity  effects  on 
jiemonnel  as  w*lL  It  waif  arjtsod  that  for  certain  ap¬ 
plication*,  letter  pnsaesawl  advantages  over  var¬ 
nish's  because  of  their  shorter  drying  time,  but  prac¬ 
tically  all  rejiorU  which  discuss  tins  point  indicate 
that  high-grade  vartmho*  (plteaoiic  resin  tuag  oil 
type)  have  a  higher  water  resistance. 

7t  1  UNGLS  CROVTII  ON  HOOKUP  WIRE 

In  requesting  Project  AN-14. 1,  " Fungus  tIro«nh»n 
Hookup  V*!re,“  »hc  Signal  forps  Mts-wlvdf  Ageiwy 
dre  trail  to  obtain  svnlmce  which  would  settle  there 
points  of  conflict.  Not  onlt  »’w*  it  daa*red  to  ‘V  rsnine 
whether  fur.gLs  wit)  glow  on  hookup  wire  W.  also  to 
ascertain  whether  or  not  there  is  a  detetervou*  effect. 
If  cither  braided  or  anbravded  type*  of  wire  supported 
the  growth  of  fungus  it  w*«  requested  that  the  per¬ 
il  nt  age  six  I  typo*  of  fungicide*  required  »o  prercut 


Ihfc-  »un;r;u  groTfh  ho  driermim-d.  It  *i*  also  re 
quitted  that  investigations  Is?  ntsde  to  determine 
the  effect  ca  the  electrical  j»n»peri;aa  c.f  tlwj  wire  of 
the  leaching  of  vlie  fitngii  idc#  incor>K>r*leii  iu  tlw 
lai-qr<ers  applied  to  the  wire  braid  or  iuHulation. 

A  contract  for  these  ,*t  tidies  wna  arranged  with  the 
Uemwciaer  Polytechnic  Institute.  Tne  immediate  ob¬ 
jectives  of  the  program  a s  given  i:i  OS  HD  Report 
o65)?u  were  aa  follows. 

1,  The  fii  at  phase  was  confined  to  a  study  of  the 
role  of  fungus  an-l  motet  uro  in  the  deterioration  of 
wire  without  reap*,  t  to  the  role  of  fungicides  in  affect¬ 
ing  elect  rival  properties. 

2.  End  teats  were  also  to  lie  made  to  determine  the 
effect  of  moisture  and  f‘  ngu»  oil  the  wear  reetstani-c 
of  the  various  braided  coverings  used  on  the  uxperi 
mental  wires. 

This  investigation  was  begun  in  the  mi  miner  of  JIMS 
and  by  the  v»d  of  World  War  1  .,nl  v  certain  a-t 
were  roiuffJetod.  Preliminary  deter¬ 

mined  the  methods  of  elect  rival  ineasnreircnts  to  be 
used  as  vi ",  as  the  methods  of  fungus  inoculation. 
The  condition'  under  which  the  ftwts  were  to  l*c 
cviciiucled  and  thr.  methods  of  determining  the  wear 
rmistanr?  of  lest  wires  were  also  develojvd. 

741  Eipcrijrtactnl  Results  and 

Ltenetal  CcacSuiiior.a 

Preliminary  experiments  U»  determine  mw tabic 
lengths  of  iwt  wires  rud  desirable  sju».ing  of  elec¬ 
trodes  yielded  information  on  the  neepage  resist  a/ice 
of  different  wires  under  continued  e3 jar  lire  at  100 
per  cent  relative  humidity  and  iu  the  pmunw*  of 
fungus  growth.  After  eirpiwun*  for  twelve  days  tJse 
test  wires  were  ex|**ed  to  the  nsmi  -ml  allowed  to 
dry  for  three  hours  after  whi  ’h  the  re  jManco  waa 
again  nwuaured  The  atrea  tiaed  were  the  following 
types:  SR1B  wiMi  no  braid,  a  type  with  polyvinyl 
chloride  primary  inaele!*'**  having  evnron  braid  and 
aevtoproprionate  hur^uer  fin  *h,  and  a  type  wul.  poly¬ 
vinyl  chloride  primary  inaulatioo  with  an  extruded 
Nylon  jaiAct, 

Tha  ie»uiv*  of  this  cx{«erii»Knt  sre  give*  iu  Figure 
1.  It  can  be  ncen  that  the  behavior  of  emh  type 
wire  follow  *  tlx>  MRir  genera]  pattern  K  ebaq*  drop 
in  re»i»(A  <c  oonirrevl  ove»  tbe  firat  t4  hour*  after 
which  the  value*  remained  relst*v»]y  ecnetSBt.  Whm* 
allowed  t*»  drv  for  three  hour*,  tficr  twrive  days’  ex* 
p  are  in  the  *e*f  '-hambers.  revovenr  waa  rapid.  To 
accurately  Mlow  the  a*  re*  of  renove-y  •wsstulaten 
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measurements  immediately  anil  at  ficquent  interval* 
during  the  <1 ryi n  j  period. 

In  addition  k»  the  ramdt*  indicating  the  general 
behavior  of  the  test  wire*,  interesting  ohar  nation*  on 
the  test  equipment  and  t*nt  method*  rerc  made  a* 

folio**. 


drawn  mm*  only  two  Min  plea  of  each  wire  type  were 
used. 

2.  However,  there  were  indication*  that  win*  hav¬ 
ing  the  cU-drode*  2  in.  from  the  end*  allowed  a  more 
rapid  reduction  in  resistance  which  indicated  that  the 
resistance  path  over  tne  emU  waa  aignificant,  and 


Mm  wn  k  t'e^iage  rmeUnm  lietwroa  wTkfrpnd  rWVrruW  *f*tW  3  in.  apart  on  *-iu  kosgtii  w#  wire 

1.  In  tho  attempt  to  determine  whether  a  Z-,  or  tlierefore  the  te*d  metl-cd  ainmld  be  refined  to  olimi- 

4-in.  rinMnce  between  r!r.  troth*  w*j  moot  dewtrahle.  i  ate  thi*  loaa. 

-a;  found  that,  soiee  th»  variation  in  the  rr*ia!ao<e  3  Tba  SKIH  wirsa  particularly  ahowed  heavy  Mold 
twtweeii  apparently  .Ju.toal  aaiiplc*  difirrod  hj  a#  growth  rveept  for  tV  region  a  Newt  1  fo  «m  each  «hU 

nka<  ||  a*  100  jxr  obt,  bo  valid  <oiu’  Mona  could  1*  of  tits  topper  rle.  trtwie.  K  interior  wo#  obuuo*  winch 
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indicated  that  this  fu  due  to  the  fungicidal  notion 
of  the  cupper  rather  than  the  electric  current.  Be- 
tauae  cf  this  evidence  it  was  decided  to  intc  platinum 
rather  than  copper  elecLmbw. 

t,  It  wa«  ohs"r**d  th<*t  the  n-isUnee  in  aome  sam¬ 
ples  would  incrwme  by  a  factor  of  A  or  10  if  the  teat 
voltage  were  aoplied  for  inure  than  a  few  ac“x>nd*. 
Further  investigation  over  a  rude  isnge  of  teat  volt¬ 
age  will  he  necessary. 

:  42  Direction  of  Future  Work 

To  solve  the  problem  fully,  the  role  of  each  element 
of  a  oomphtc  insulated  wire  ahonid  be  studied  in  re¬ 
lation  to  deterioration  under  humidity  and  fangue. 
The  neceaaary  wirea  fir  this  have  been  assembled. 
It  ix  expected  that  it  sill  Ik*  possible  to  differentiate 
betw  -e;i  the  primary  insulation,  the  braid  or  jacketing, 
the  lacquer  or  varnish,  and  tlie  fungicide.  The  elec¬ 
trical  tcat»  should  provide  this  information  *nd  tim 
abrasion  test*  should  relate  the  electric  properties  to 
the  wear  resistance  *>f  various  wire  components,  Once 
di«  fundamental  piopertW  r. re  known  from  the  vrirv« 
used,  it  will  Uj  jHj-<<(dc  t  <  investigate  tbs  rule  of  /mi- 
gieidej  in  the  lacquers  end  varnishe*.  It  hsa  been 
suggested  that  certain  fungicides  are  incompatible 
witn  the  coating  materii  .U,  that  they  deteriorate  the 
electric  propertius  of  the  wirea,  and  that  they  are  rap¬ 
idly  tort  during  storage.  When  sufficient  information 
is  obtained  to  pmuit  conclusions  with  respect  to  the#? 
quertiuns,  it  will  la*  d^dabh  to  olwxk  the  results 
sgiurwt  chemical  antlyswa. 

TW-spitc  the  feet  that  it  vat  only  possible  to  begin 
these  studies  by  the  Trcpiowl  IK  terionKba  Admials- 
trative  iW.nuths?,  rbe  important  problems  prveewt'ri 
are  bring  investigated  further  under  the  aponsortfdp 
of  tl>e  Air  Tv.  nioal  Service  Command. 

1*  EFFECTS  OF  MOISTURE  AND  FUNGUS 
ON  ELECTRICAL  INSULATING 
MATE  RIALS 

lu*  *ti».4tk>na  on  thia  anbjert  were  :b*ely  related 
to  tho»e  concerning  hookup  wire,  The  primary  purpose 
in  theae  atudiva  was  to  laitipb*  a  wide  selection  of 
laminated  and  im.M«vl  th**rmoaettiug  plastic*  and 
rigid  thermopiaaticii  in  order  to  obtain  m  forma  tit* 
which  would  ind'oat*  the  nature  of  their  perfo  maiwe 
in  vquipment  under  tropical  .»mdit-m*.  The  program 
» huh  was  to  be  followed  railed  for  mechanical  •• 


well  as  electrical  teats  which  were  to  follow  Joiui 
Army-Navy  tipcciftcationx  1*-13,  P-14,  and  P-15  m 
cloeeiy  as  possible.  Inasmuch  as  exploratory  work  waa 
necteaary  in  the  portion  of  the  program  involving 
the  electrical  determinations,  this  portion  waa  under¬ 
taken  first.  As  with  the  investigations  on  hookup 
wire,  these  too  were  begun  in  the  ge miner  of  194a 
and  at  I  he  end  of  World  War  II  only  a  satisfactory 
test  method  and  u  few  preliminary  results  had  been 
obtained.  However,  the  majority  of  materials  had  been 
obtained,  sod  by  the  end  of  September  15)15  moat  of 
those  on  hand  had  been  placed  under  test.  The  lack 
of  results  from  ail  samples  under  teat  is  explained 
by  tlie  fact  that  inordinately  lo&g  exposures  auJ  teat 
periods  are  required  to  obtain  significant  information. 

A  survey  of  Army,  Navy,  and  industrial  laboratories 
indicated  that  «vt*ntuvc  sysienvatio  studies  of  tlie  in¬ 
fluence  .«!  ric.tri  al  >».«mI  luevhanicat  jKVfe'riu*  of  pLa- 
tiew  hsd  not  been  HM*de.n  Most  of  the  work  which  had 
been  dine  ereised  to  have  been  undertaken  iu  solve 
specific  nnd  immediate  probbwiw  involving  wlccvwd 
plastic*  and  the  efficacy  of  fungicides  and  protective 
coatings  in  preventing  fungus  growth.  Striated  avail¬ 
able  data  are  presented  in  the  rej-ort  «iktl  Jh>U',  and 
these*  should  lw  more  significant  wh**n  evaluated  in 
the  light  of  information  from  thfwc  completed  studio*. 
The  program  ;*  being  continued  by  the  Air  Technical 
tiervjoc  Command. 

From  the  data  vhh.it  were  received,  the  deleterious 
effort  of  nwbtnre  on  i-V-c*  rival  insubitirg  nirirrial* 
w*s  apparent.  Very  few  of  the  ei  twti  hew  r  rr.ivl»'e 
fwngvj*  offsets  to  moisture  eftoits.  Oruidurable  en- 
pkaxis  and  iuipciiams  was  attached  to  the  studi«  of 
H  L.  Oartli,  *’InsnLt‘.:ng  I'rvpertiea  of  Solid  Dielec¬ 
trics, l>  (Bulletin  of  the  Bureau  of  Standards.  1015, 
Vol.  II,  pp.  353  120).  net  only  in  tliese  studies,  but 
in  others  performed  in  Australia  with  particular  ref¬ 
erence  to  insulating  varnishe*.’*  P  irer.Kwt  among  the 
eonehisioiii  gf  Curtis'  work  ia  that  s«  rfatv  conduction 
i»  th?  molt  lni^iortar.i  fwtsir  iu  <’rirt<tum.ag  the  leak¬ 
age  betVk.sn  two  tvuductors  ineubited  by  a  sul.d  didwe- 
tnc  when  in  ta  almrvph»pe  nf  high  humidity.  Flow 
ever,  there  ia  a  definite  relationship  between  aunavw 
'teietmt v  and  the  electrical  <  haracteristiea  of  tlx* 
dielectric  as  indicated  by  volume  mutmty 

:il  Determining  Method*  of  Test 

Pr#P»  iLinr  iowmigataons  i*  dies*  ?  that  5t-m. 
diameter  d*sk*  w,*rr  suitable  for  surface-rrwistamw 
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niMrarrnwtitt,  and  by  employing  a  third  electrode, 

v<>iun*«-r>»i»i*jK-w  uiv«»«itr*u%  i»t«  luuIu  mai]i'  o? 

t a De  sample.  In  this  three-electrode  *aupk,  the  disk 
in  mounted  in  a  waled  glass  jar  with  a  metal  top  and 
nil  three  connections  are  brought  through  by  ateatite 
bushings.  The  me^al  jar  top  becomes  a  part  of  a  guard 
circuit  and  prevent*  leakage  current  (except  os  the 
sample}  from  getting  into  the  measuring  circuits. 
The  e'  <  nodes  on  the  samples  consist  of  silver  paint. 
Electrode  III.  lVj-in,  diameter,  is  made  in  ihc  miter 
of  etna  side  of  the  2-iu.  disk  and  on  the  opposite  side, 
Electrode  1,  diameter,  is  placed  in  the  center 

•win-o  Electrode  II  covers  the  peripheral  ‘l-in.  of  the 
asm  pie.  By  suitable  connection  from  a  megohm 
bridge,  electrostatic  liuec  of  force  can  be  dfected  into 
the  surface  or  into  the  volume  Humidity  is  controlled 
by  tut  orated  !*alt  solutions  in  the  bottom  of  Uw  jar, 
and  fungus  m  eliminated  from  coni  red  samples  by  the 
u«e  of  a  nitrogen  atmosphere.  03RD  Report  ,5*!31u 
describes  this  teat  method  as  vroll  as  die  initial  results 
CD  its!  M topics, 

Tire  sjMMjsIcatioe.s  to  Ire  follow'd  recaire  a  different 
method  of  measuring  tins  ehvtric  properties  but  the 
iiivceii^utioni  have  indice  led  that  the  tfeice-electrodf 
minpl*  provides  more  fundamental  information  due 
to  the  fxet  that  mtrfare  and  roinme  effects  are  separ¬ 
ately  me***  red.  However,  the  data  from  the  three- 
oieci  roue  samples  is  be-'sg  compared  with  data  from 
th«  Pratt- Whiiae/  Pi«  sample,  called  for  in  the  qwci- 
fk'atior*.  with  a  view  to  effecting  a  correlation. 

In  til  ramp]**  which  ucrr>  inoculated  for  ftn-gta 
tests,  spores  of  Pe«i.«7fiom  lit  r  m  hare  hr*  a 
by  apraving. 


7JSJ  Experimented  Results 

Kaily  resulta  are  reported  for  aelcvled  laminate*! 
thermosetting  materials  and  the  rigid  thermoplastic 
materials  polystyrece,  oellnkee  acetate,  and  acetate- 
butyrate.  The  Utter  materials  Trere  exposod  otih  t) 
humidity,  and  after  ten  days  peJystyrvne  eras  nrtnally 
unallotted  by  humidity,  acetate  butyrate  only  alightly 
slfectod,  while  i-tlhdoee  acetate  showed  a  marked  de¬ 
er*  a*1  in  both  surface  and  volume  resistances 

Teats  on  the  laminated  tbermewetting  materials 
extended  over  35  dayi.  AH  show  a  great  doerraae  in 
resistance  end  particularly  a  sharp  drop  in  the  initial 
24  hours.  Coaifwr’*>n  of  dat  )  from  the  tbree-elcetrodo 
samples  with  that  from  the  Prrtt- Whitney  Pin  sam¬ 
ple*  indicates  that  this  decrease  is  primarily  due  to  a 
drop  in  surfs**  resistance.  Although  tests  had  uot  been 
in  effes-t  long  enough  to  evaluate  effect  of  f  lingua  on  a 
wide  variety  of  imieriaia,  it  i«  evident  that  where  *opi- 
oo*  fungus  growth  ir  present,  the  «ampiw  in  found  to  l*e 
highly  moisture  absorptive.  Wifi*  fungus-AtUrkctl  Inrn- 
inawa  the  growth  invariably  started  upon  thecuiodg**. 

It  i*  expected  that  with  the  aeperat*  evaluation  of 
th*  vJer.ts  of  moiaturv  end  fun^.a  upon  tins  sur few 
resistance  and  volume  iwreUiio*  of  various  typea  •  t 
plastics,  the  in/onnatuiu  will  p*rmjt  a  realistic  inter¬ 
pretation  cf  the  performance  of  eb«-mea!  MinuUtion 
under  tropical  conditions.  The  r**B«ha  from  teat  sain* 
plea  n&  be  applied  u  so* ii  finish©!  pelt*  as  octal 
sockets,  tube  bancr.  and  .tones  strips,  but  it  ia  perhaps 
more  important  that  they  can  furre-h  a  working  hisii 
for  tl«  election  of  high  quality  materials  in  the  ds- 
aipj  of  new  equip  oeut  for  trcpicai  service. 
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Chapter  8 

COORDINATION  OF  TEST  METHODS 


«.<  APPLICATION  OF  TEST  METHODS  TO 
STUDIES  ON  THE  PREVENTION  OF 
TROPICAL  DETERIORATION 

Tkmt  mkthods  *re  neeeasary  and  desirable  during 
all  phase*  of  atndy  on  the  prevention  of  tropival 
deterioration.  The  characteristic*  find  pro  partial  of 
fungi  aud  bacteria,  the  biological  agents  of  deten ora¬ 
tion,  are  determined  by  various  method*  designed  to 
indicate  the  cbility  of  these  org*nii*:m  to  thrive  upon 
and  thus  deteriorate  i-jsvific  material*.  In  Uw  develop¬ 
ment  of  protective  trwinunt*  for  material*,  screening 
teats  are  employ 0*1  to  determine  the  merits  of  protec¬ 
tive  agents  which  are  promising.  Teat*  for  final  evalu¬ 
ation  of  treated  materials  are  considerably  more  re¬ 
plied  then  screening  teat*  and  include  not  only  bio¬ 
logical  test*  hut  physical  test'-,  such  a*  exposure  to 
moisture,  heat,  and  sunlight,  and  others  of  an  elw- 
trical  cr  rieehspieel  nature  a*  may  ha  required.  Tw 
vhiition,  a  period  of  cx[M>*ure  in  a  tropical  are*  he* 
|h-so  need  as  »  final  teat. 

Rneh  teal*  which  are  genctmliy  referred  to  above 
may  lx  described  as  ms-arch  atvl  development  test* 
in  that  thev  constitute  un  initial  j**it  of  any  dwel- 

enaiuntt  program  In  s-c-ntra^  to  there  are  trwac  testa 
viii«h  have  i*>en  applied  in  the  pr<»enir»*nwni  of  mate¬ 
rials,  or  K*}*riticfttion  test*."  Theae  arc  ua»d  io  detei- 
rttiue  tlie  fitneaa  <*f  materials  for  tropical  service  hy 
th.rir  ability  to  meet  standard*  whicli  are  regarded 
ns  adoquate  for  indicating  aatisfaetr^y  performsmv 
in  the  trope*. 

h'ftm’arrh  and  development  'osU  which  have  been 
found  to  be  useful  in  the  drv»  lop' ivnt  of  method*  of 
protection  for  optical  luat.’Wimtifa  are  given  in  the 
lu!4ic  i  rt|il:ic  entire  of  Chapter  U  Ktertrieal  *ret 
merited*  arc  dir. «  wd  iu  Clwpler  i  aud  given  in 
<*  .c.n  *K,  iwr^isnn*  Mi«t  The  field  ex- 

n— •  • 

po-urc  trei*  widen  liaie  yielded  valuithla  icforimt-  *j 
on  lh-  prevention  of  textile*  do*  rrKvrwtiou  are  reviewed 
iu  Chapter  I.  There  sr*  nun  red  ia  Chapter  * 
l lie  rreoH*  of  the  tretiwg  program  in  whu-h  the  per¬ 
formance  of  a  wiV  rvnre  of  material*  wa*  d-*er- 
m i ucd  by  iwpomu*  t>wm  to  natural  a  ‘mwlated 
tropical  envirorenrs-u. 

When  the  work  of  the  T"  , -**1  IVte  mratk-*  Ad- 
imniatraiivf  f«*ittre  fTH  VC]  ru  tM  Ms- led, 
there  waa  •«>  waiiwaaMt*  or  w*uri*  agrwrmsnl  a*  to 


i 

teat  methods  with  the  result  that  it  wav  often  im¬ 
possible  to  dedicate  test  revolt*  in  different  labora¬ 
tories.  It  vu,  therefore,  obviously  a  prime  essential 
to  develop  standard  conditions  for  teste  which  could 
be  agreed  upon  by  ail  laboratories  ami  tbua  permit 
duplication  of  results  on  a  given  sample  regardless 
of  the  laboratory  in  which  it  waa  tested.  It  wan  for 
this  purpose  that  the  HuL-ommittec  on  ( ’oordination 
of  Test  Method*  was  retnbltehrd. 

This  subcommittee  prepared  ObHH  Ilejiort  60iit>,‘ 
which  summarises  and  evaluate*  the  teat  method* 
which  have  found  wide  application  in  tropical  dete- 
rioiition  studies.  The  introduction  to  this  report  con¬ 
siders  the  primary  factors  which  must  la?  Ixirne  in 
mind  in  relating  suy  laboratory  tc*t  method  to  the 
particular  use  or  service  to  be  made  of  the  items 
Lasted.  The  criteria  upon  which  a  choice  of  teat  or¬ 
ganisms  Jutuld  be  baaed  arc  also  discussed  The  d<«- 
ctiseiou  on  the  early  dcvobpwmit  cf  test  method*  in- 
dteatea  the  various  type*  of  inrlhods  which  have  Uen 
employed,  ywrlicatarly  in  textile  tearing,  such  as  pure- 
cultanj  teste  tyuop  different  crgsniecvy,  mixed-culture 
tests,  anil-burial  tests,  and  »U-*'c.prnwou  tecta.  With 
such  teste  aa  tl«*e,  evaluation  of  the  perforuvaure  of 
tuate.l  fabrics  is  usually  made  hy  determining  the  re- 
."ntion  of  breaking  rtreagth.  Ir.iUally.  such  lost  meth- 
otJa  were  developed  for  evaluating  prolex-tirs  treat¬ 
ment*  for  textile*,  hut  in  a  later  section,  tbit  report 
indicate*  the  uae  f  sn.  ura!  and  simniaUvl  tropicsl 
cuaditioba,  parte  -iarly  in  ca*M  where  thcee  m  iro  nr 
leas  refittwl  procedure*  for  textile  testing  are  cot  ap¬ 
plicable.  «'81tl>  Kcport  WT.fi'  also  given  attention  to 
the  role  of  microorgtntMn*  is  deterioration,  me* lav) * 
for  (rating  fungicide*,  physical  romiit  oning  of  tect 
sample*,  the  testing  of  all  type*  of  sptufii  Amy  ami 
Navy  materials,  a*  well  a*  a  detailed  review  of  varitwa 
iaboratoiv  culture  methixls.  sal! -burial  metlax1’  uni 
wdl-ruspension  method*. 

n  TEST-UETffOO  STUDIES 

As  stated  above,  the  program  on  the  coord.. i.*uo*i 
nf  ten  methods  was  cndenjikaa  in  okr  to  aci e 
.  .ijmputy  in  the  testing  pn*wdu-»w  whaA  wert  Mr  J 
hy  1  -  rent  labors  - -wmm  sa  -  -rga:  usfa  -  F-c  wwnaj 
il  — w  or  (laase*  •/  auitenolc.  diRvawt  tern  ^ 
ir  h  i-w,  or  itidr»rs^  sfiasMs  ar  of  few  ft 
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TEST-METBOD  STUDIES 


were  ur  <1  by  different  group*  in  applying  the  tame 
method.  Not  ouly  *«j  attention  given  tn  the  cooniina- 
moii  of  method-  which  ware  widely  uw),  hut  etuilies 
ewaentlal  to  the  dcTtlopmacf  of  lertafn  new  te*t  nttih- 
odL  were  also  nvade. 

•*  *  Hookup  %>c 

The  laboratory  invretigatious  »u  which  the  variable 
factors  in  the  tasting  of  hooknp  wires  were  studied  are 
su!umsriae<.l  in  OSKD  Report  5686*  Untied  by  TDA-C. 
In  the  introduction  to  this  report,  the  need  for  pro¬ 
tection  against  fungus  growth  on  ho<>k:tp  wires  is 
briefly  stated.  Because  many  different  methods  were 
being  employe!  hr  the  various  LboraP-ric*  unearned 
with  the  protih  in  of  fungus  resistance  of  bool*  ip  wires, 
the  Subcommittee  ou  tlie  Coordination  of  Test  Meth¬ 
ods  was  requested  to  study  tliis  problem  and  to  recom¬ 
mend  a  satisfactory  nwthod  for  au  acceptance  test  for 
hookup  wires. 

in  order  to  determine  tlia  amount  of  variation  in 
ten  methods  used  ti  different  laboratories,  a  question¬ 
naire  was  sent  to  a  number  of  •aboratoriew  which  made 
routine  tests  o:  hookup  wires.  A  resume  of  the  replies 
to  this  questionnaire  indicates  variations  in  tret  meth- 
<mU  aa  follow*.  (1>  AH  the  laboratories  qutstio/icd 
used  a  culture  medium  csnUwwg  a  nutrient,  al¬ 
though  all  of  them  uxvl  an  additional  test  cstuftfiitg 
•  *f  anil  contact,  soil  ttiapousion,  or  a  noRiinrnent  medi- 
iitn.  (81  The  temperature  u?cd  varied  from  If 5  to 
37  C.  (8)  The  -hirst nr*  of  the  tests  varied  between 
fire  and  thirty  uay*.  { »1  There  vra*  considerable  vari¬ 
ation  in  the  organism*  used  in  the  test.  Although  mu-t 
of  !b«  lalx>ratoriei  vu*0  (‘hartoaaniin,  :ispargiHui, 
and  PetticilliUm,  some  had  added  Trichodrrma  and 
Act inotny voter,  while  a  numher  used  an  unknown  mix¬ 
ture.  (5)  All  Iwiwritorius  vhqsendeti  upon  a  visual  test 
iu  expressing  results.  Several  also  uaw*l  tensile 
strength,  abrasion  re-isiamw,  and  ele.-trical  tests.  This 
la.  k  of  uniformity  of  testing  procedure  could  certainly 
1*  roapon»ible  for  the  expression  of  entirely  differeut 
eno  itsu.w.  it  eput-arvo  emiuit  util  ,'tMidird- 
iza'iou  of  a  testing  technique  was  desirable. 

In  OS1JP  Report  MRS’  the  detailed  results  arc  given 
for  exploratory  tesU  on  hookup  wires  ttstng  minsral 
salta  agar,  nutrient  agar,  soil  ronfaet,  ami  burial,  a 
morit  chamber,  an  I  pre-irocalition  of  filter  paper 
r  jtraai  with  a  liquid  c  Itore  mniicn  in  whic.i 
fungus  spores  were  tended.  Tlirer  initial  te«** 
indicated  that  the  usethod  in  which  a  rn’icrsl  salt* 
agar  was  weed  w  >ld  prr.lmw  more  me*«i  rf»l  rreulu 


in  a  wrier  time  ami  with  leas  difficulty  than  with  any 
of  live  other  .nelhod*.  Following  those  studies,  expert- 
itHiiita  were  contacted  to  determine  the  most,  auitnhle 
method  for  <-uH  tiring  fui  gi  to  obtain  spot*  for  inocu¬ 
lation  of  tskt  epocinmos,  ami  methods  for  imxulation. 
The  tret  method  as  finally  recommended  is  given  in 
fbc  Appendix  of  OSl?l>  I.e:<ort  5CH0.*  In  llii»  thud 
method,  advantage  was  taken  of  suggestions  and  com¬ 
ments  from  various  Army  and  ,'vavy  laboratories  to 
which  a  tentative  method  ha*  lieen  submitted  pre¬ 
viously.  This  method  was  selected  betau*.:  it  gave  the 
mo«t  reliable  ami  ssMsfactorv  results  in  estimating 
the  fungus  resistance  of  a  wire  under  warm  and  humid 
conditions  favorable  to  fungus  development.  The  re¬ 
sults  obtained  by  this  method  checked  well  with  prac¬ 
tical  observatious  iu  tropical  chambers  as  well  as 
under  natural  tropical  conditions. 

Signit'naut  result*,  given  in  DSHD  Report  ACMO.* 
indicate  that  the  re.x>mnien<.'ed  acceptance  test  for 
lujokup  wire<s  a*  an  six-derated  test  procclure  comjwrea 
favorably  wdh  lung-duration  exposure  nude”  simulated 
tropical  conditions.  On  tne  kuna  of  the  method  if 
rating  which  wea  adopted  in  evaluating  the  ;x-rfonn- 
am-e  of  teat  wires,  the  sarrt  wire*  whiih  wore  ju.lpsl 
to  be  aalufactory  by  use  of  the  rceoamn-nded  acrept- 
ance  test  were  also  satisfactory  after  an  exposure  for 
one  year  iu  a  t<x>pinri  Ivonse  Likewise,  wire*  which 
were  rated  a*  unaafiifactory  bv  tlte  acceptance  test 
were  also  rated  iir»-aliefactorv  after  the  one-war  c\- 
posure  in  the  tropical  house. 

In  order  to  determine  the  extmt  to  wbi.  It  the  rec- 
o miner dod  acceptance  test  might  give  consistent  ri*- 
•ulta  when  tweii  by  ili.ffereut  inveatigstoi  s,  ceojs  ratnc 
teata  in  which  five  other  Islioraloru't  iiarticipatcl  ware 
arranged.  Three  te«t*  ware  ysirforiDed  on  elevon  dif- 
ferem  treattvl  and  untreated  types  of  lux.kup  wire* 
which  were  furnished  to  the  partirirwting  Uboratorie*. 
One  of  tl*e  participating  laboratories  was  the  Tro|>i-al 
Tret  btalicn  in  tlie  l’suama  final  !u  crtfe» 

obtain  fnrthcr  crnn|i«riwi«  each  Jal«or»U-rv  tasted  tlie 
Mina  wire  samp'e*  act  »rdmg  to  tlie  test  methodi  re¬ 
quired  by  Mgnal  t'orp*  SpviHca  km  71  tttOfA  iml 
the  .f  AV  Kpenfl-wiioii  t‘  T8  Tit  general 
a  ml  jwri-  ■#  of  tfa<  rrenlfs  of  three  r»»^*rati*e 
testa  an  a1*./  given  irv  USHD  l*««»*rt  iAto*.’  th«- 

analyses  of  the  data  obtained,  ‘  is  indicated  that  the 
acceptance  te«t  m-  Miw-ndeil  by  Tit  \l’  showed  great¬ 
er  agrremet  t  in  ■"  Ita  fro*  van*  •  bhoraUriea  ami 
tjrlUr  <t.rrtla*JF*i  with  tropical  be!  «»nw  l'sa*  did  the 
Tths  *  ‘  ■»**— t.  were  used.  It  «a  ip 

jiarewl  f'»  three  anabare  ttiat  lew  w. 
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meth)*]*  was  free  from  diflCJTjwmrieu  tt  GPUiured  ill 
term*  of  exact  ti.mvjpoiulsi'ec  with  tropical  exposure. 
If  i«r  c.w..«iWUU  «!;.<  ^S.  ^pinv.'v-H  rt-ftiH  ill  jmrt 

from  inexact  criteria  of  rating'  samples.  since  bolder- 
line  euacs  xwi»t  be  rated  in  oik-  <*r  (be  other  of  two 
ciaiaet  with  reference  to  tnc  tbiiit)  of  {he  specimen 
to  support  fungus  growth,  On  {he  oi.’  <r  hand,  auch 
discrepancies  indicate  tha*.  furtiicr  investigation  ia 
netted  before  strict  evaluation  of  ti.e.  fungu*  resistance 
of  these  material  can  bo  made  in  tenna  of  actual 
tropical  exposure. 

,JLI  Coating  Materials 

The  laboratory  investigations  wliteb.  served  as  the 
basis  for  a  recuinniended  ftce**ptanee  test  for  coating 
materials  arc  given,  as  well  as  the  maiimd  iu*ui,  in 
OHKD  Report  5887.*  In  this  report  it  is  indicated  that 
difference*  in  function  between  hookup  wires  and 
costing  raster  a!*,  such  as  lacqncm  and  varnishes, 
make  it  impractical  to  u««  (he  feme  method  in  testing 
tnc  fungiridid  resistance  for  both  Haasra  of  three 
material!*.  Tests  of  hookup  wires  on  which  lep'f ^r» 
or  varnishes  may  have  liceo  applied  evaluate  the  per¬ 
formance  of  the  materials  of  the  wire  in  combination 
with  any  fungicidal  or  coating  treatment  which  may 
have  been  given  to  the  wire,  whereas  test*  cf  coating 
materials  as  such  du,u!d  l>e  made  *o  «u  to  evalaite 
the  fungus  resistant**  of  only  the  lacquer  or  varnish. 
The  i^ioRiniended  proudur*  for  tin  toting  of  hookup 
wire*  was  follows!  :n  the  recommended  test  for  rent¬ 
ing  audwtu!;  h,»t  nth  nwditb  ut;  vr.  to  provide  .  .«;t- 
ahle  iwrt  surface  and  1  mac  vhich  would  not  icAu-ncc 
tlie  juTfortcance  of  the  coating  material  it«lf. 

The  maj.-.r  problem  in  developing  this  test  method 
for  ooatiug  material*  lay  m  iho  selection  of  the  inert 
b*Lse  to  which  the  coaling  material  would  be  applied. 
For  this  purpose,  tests  were  conducted  in  which  van- 
uua  coating  materials  weir  aiiphot  to  glass  fabrics, 
filter  jiaper,  and  glass  cords.  On  the  l**ia  of  Lha  de- 
taiW  result*  win  -h  *re  givni  in  <>>KP  Report  5487,* 
glass  cord  was  selected  for  various  reason  as  the  most 
;uitib!c  base  «>n  which  U  ♦  v  -t  ug  lacquer  or  vanliih 
mig-d  bo  applied  iu  i±k  teat  *V>r  fungus  rcsiatanec.  The 
modi  fixation  of  th*  test  t*  *tl»od  for  hookup  wiic*  in 
which  mated  glass  cord  serve*  as  tlie  Wt  s j»-t  ime*  is 
given  in  Apjw.  d  x  i  ft'r-Hri  ltepon56H7.'  Data  an*  also 
present «1  in  the  report  which  indicate  that  laboratory 
result*  obtained  hv  us*  of  this  method  o  mpsrc  fav  -r 
aWy  with  the  result*  4  live  eipuswrs  of  rneted  glaas* 
cxird  camples  to  to**  *  atural  *vndit  on*  of  the  trop-c* 


The  lack  of  any  refvrenect  to  the.  tropical  deteriora¬ 
tion  *»f  pls«tK*  in  th™  opwu  scientific  literature*  through 
11M4  is  indicated  ta  Chapter  5.  This  fact,  as  well  as 
the  fact  that  only  meager  information  hr.s  beco»j* 
available  *dr>oe,  led  to  tlve  recognition  that  a  laboratory 
method  suitable  as  an  acceptance  test  for  plastics  to 
be  used  i»  rl>*  tropics  vrts  lii;:hly  dceirsble.  In  their 
early  deliberations  thi  Subcommittee  on  Synthetic 
Reims,  Plastics,  a«d  Plasticizers  recoin mended  that 
such  a  test  be  developed,  end  diwwMMj  the  problems 
involved  in  such  a  tost  with  the  Subcommittee  on 
Coordination  of  Teat  Methods,  laboratory  investiga¬ 
tions  baric  to  such  a  lost  me  thud  Wore  undertakes  and 
the  results  of  thc*w  studies  guided  the*  subcomraittec 
in  tho  preparation  ui  a  test  method  for  determining 
the  resistant*  of  plastics  to  fungus  attack.  These  labo¬ 
ratory  investigations  are  suniiawwM'd  in  detail  aud  the 
recommended  test  method  is  alv*  given  in  OSRD 
Rep <  rt  5«?8.‘ 

Prior  to  the  initiation  of  specific  sinTies  pertinent 
to  the  development  of  a  teat  method  for  plastics,  ;. 
sas  arraugwi  that  a  series  of  plastic  samples  ia  which 
one  ingredient  was  varied  at  a  tir”'  be  tested  at  the 
University  cf  Pennsvlvaaia.  Th«we  sompltw  were  ]n»- 
pared  by  the  Uakclite  Corporation  in  conjunction  with 
studies  which  they  wen*  couduebng  for  TIMC,  and 
for  those  tests  a  duplicate  e*d  of  their  exp.-rimemal 
plastic  formulations  was  fumislKMl.  TIiomj  original 
tent*  served  as  n  background  and  a  jwdnt  of  departure 
iu  the  iuvratigrtioui  rclat«l  to  development  of  a  test 
method  for  plastic*?.  The  specific  formulations  nf  tlie 
tost  sample  ar*  given  io  OSPD  report  fr3$S4  and 
0S81)  Report  i*Cad‘  prepared  by  the  UakeHie  C<»po- 
ration  for  TDA(\ 

The  d*  tailed  re*»j|ti  of  tbr*  *vpojun*  of  theae  plastic 
sautplcs  fnr  three  month*  in  *  tropical  lionae  and  for 
M  days  on  a  miners!  salts  sgsr  srs  given  in  OH  HI  I 
Report  548®.*  In  goweral.  the  resaltf  r^ow  that  incuba¬ 
tion  oa  mineral  cm  Its  agsr  for  i»  cisys  gtv*a  rather 
ri.ose  corraaporslcfu-e  with  exposure  in  the  tropwa! 
hcarc  for  thn-**  BaitUis  Tha  importance  of  a  test 
pew*!  of  adequate  duration  is  indicated  by  the  fart 
that  1*  samples  ubiek  showed  slight  growth,  if  any, 
stflrr  incubtit'oo  on  mineral  s«its  agar  for  l*»  day*, 
showed  moderate  U  heavy  growth  afi^r  *w  *bale*n  of 
55  diyw. 

Iu  ei.  ati*w  >t  to  determine  whether  qnabt>uuva 
aurtH**li  wwih  a?  rrc**  arm  rate  maw  wswal  ratug  ip 
evaluating  th*  *tgmfirawee  of  fang  oa  attack  oa  pUs- 


TEST-AJEXHO»  STUDIES 


line,  a  few  selected  samples  from  thi*  experimental 
wrim*  sere  oreti-dncd  and  carofuily  weigiied,  *5id  t lieu 
throe  wore  aaiijected  to  fur.gid  attack  on  Mineral  am  ha 
#Rar  for  35  dart,  after  wkir?t  they  war?  again  oven- 
dn»vd  and  weighed.  tSomo  aavnples  showed  a*  ration  a*  a 
■i  pt*r  t*ni  i<Mka  in  weight,  but  this  widgi.d.  lo?#  wu*  not 
correlated!  with  the  oocurrnico  of  fauga*  growth.  In 
tie  of  this  experiment  it  is  fraattieniod  tliat 

the  criterion  e.f  weight  loss  would  not  be  rigetfieant 
for  a!!  plashes  in  so  fur  m  functional  of  the 

material#  »r*  concerned.  Additional  tost  roetliodt;, 
stiefe  aa  a  «»i!-om,ta"t  raetlwst,  a  soil-*u«p«ifion 
mtJioti,  «ihl  ueo  of  a  nutrient  medium  with  autl  with¬ 
out  xtre-irwulatiou,  were  tried  in  tesdiog  «.-iected  plas¬ 
tic*  but  with  nil  of  lltetn  the  results  ware  considered 
«  tsnrriiaUe. 

Study  vu  al*o  made  vf  various  nutbods  of  Inoc  dtt- 
Uoq  of  teat  Mirpies  of  plartic*  as  well  a*  the  effect  of 
nutrient*  sM«*d  to  the  upon*  *u«|x»Ds.of  with  which 
tk  test  samples  arete  inoculated.  Further,  informa¬ 
tion  was  obtained  on  the  rompErative  fongn*  develop¬ 
ment  od  smooth  su:  faces  rereas  Rsmh-d  surface*.  aui 
oa  i-reooth  or  molded  edges  vciwus  cut  edge*.  Slight 
(bprwek*a*  were  also  drilled  in  the  smooth  surface* 
of  eyre  set  of  the  «*  tuples  for  this  experiment.  Os  only 
one  sample  %r* s  there  any  marked  different*  between 
growth  on  cut  edges  versus  growth  on  molded  edges 
sad  thi*  sumo  Maajdc  wan  too  ocly  one  winch  shaved 
any  greater  growth  on  drill**!  den  region*  than  on 
molded  edge*.  Ia  only  a  few  instance*  did  the  sanded 
nirfatre  ne.elop  any  greater  decree  of  growth  tha.. 
did  the  smooth  surface.  Whcever  anv  gn-ai  differ¬ 
ence  v  rurrod  bet  warn  growth  <>n  the  surface  and 
growth  on  the  edge,  the  greater  |j*a«th  ocparren  on 
the  edge.  It  teem*  that  the  mn*t  liLdy  explanation  fur 
tliic  i«  the  fa<  t  diet  at  the  junction  of  the  sample  and 
the  ouiture  medium  «ic  or  mon  physical  faitnra  may 
on  tribute  to  produce  the  most  ideal  conditions  for 
fnnjgtu  de»fk'j*wirnt.  On  the  l*a«  of  tlwae  result*  it 
rimld  appear  to  he  utinevcMarv  to  rut  sen  m  or  to 
nta^raiae  sipoee  internal  ■■•«*«.  but  this  factor  de- 
*tww*  lo  be  rlwwked  forth  r. 

Th*  trad  method  recommended  for  determining  the 
r.wtstauoa  of  plastic*  to  fungus  dlu*  &  givts  Lb* 
Appendix  «f  OSRD  Rc|^r|  V  *  *  The  act  sai*»plfi 
idee  bcal  » ill*  tlioec  te*t**l  bv  u*e  ui  tha  mvfliwven^rd 
ibrUvid  writ  expwrd  at  tii*  Panama  Tc*4  Htatm  for  a 
period  of  M.'«a  non-  »  and  eh*  e***  1  *  ohtsjwd  from 
thi»  trnev-'v  «tpo#»-e»  n*  p>  “iir*  agree  rather  dandy 
*••■**  thoae  obtained  It  U«e  of  Uw  reroum»*i*d*d  I  •ho¬ 
is  '*  ,r  method.  It  <*  interesting  that  Hi  t*e  t*  y-nl 


cS[K»aurv  teet  there  ir  more  evidence  than  in  the  !«!*»- 
ratorv  tart  thst  growtli  mi  cot  or  broken  ert^ca  msv 
cxcttd  ti.ot  which  occurs  on  Oiil-roLcr*  ciirfsce?.  A 
Rumpie  or  phenolic  fiber  sheet  elsi>*mJ  complatsi  user- 
grmvih  on  all  cat  surfaces  but  only  partis!  growth  on 
other  surfaces.  In  ibo  lai>or*torr  Usts,  hoover,  all 
ruiftu-es  were  erjindly  affeete'!.  OSHH  Ik-port  5€r>K' 
point*  out  in  conclusion  that  farther  alt<  ntioa  shonid 
be  given  to  eialuation  of  growtli  ou  ihe  ixige  of  a  pira¬ 
tic  test  sample.  A  relii.-cnunt  or  modifies  t  un  of  in- 
terpietation  of  thin  growth  i?  needed  to  clarify  the 
situation.  It  is  also  |*oinled  out  that  there  ia  a  di«linrt 
iwxxl  for  functional  tests  of  plcalics  in  order  to  uiitaiii 
ns>rc  pwise  criteria  for  evahmting  the  degree  of  de¬ 
terioration  which  occurs.  This  report  also  concludes 
(as  |n>intcd  out  in  t'hapter  5)  that  farther  corrcln- 
lion  ia  needed  ls*t ween  laliorstory  teeing  of  plastica 
and  field  testing  in  the  tropic*,  and  that  beenuac  of 
the  complex  i>atnre  of  plas^ux  an  cxttnsive  study  cf 
}•)»*( ic*  with  res}»ect  to  *u>  tuhty  to  fungus  attack 
is  needed  hv  lalvratory  teat  method*  as  well  as  field 
exposure  methods  under  tlie  natural  con.litiona  of  the 
tropica. 

HiowwiicAti  Factokh  im  I>mniMr.'iso 

FVNOl'4  HlWHTANrl  or  I’LAfTKW 

In  addition  to  the  stndiet  rouductcii  by  the  Itake- 
lite  Corporal ioa  referred  to  in  Chapter  o,  wtiich  con¬ 
cerned  th«  ability  of  different  plastic  ingrcdien+s  amt 
furmnlations  lo  sitp]s>rt  fungus  growth,  a  study  wa» 
infalc  of  tarious  hiolopuai  factor*  infimikiitg  the 
growth  of  fuoirt  <*n  idastrca  with  ttv*  in.msd'st'*  gual 
of  improving  the  method  of  tooting  fungus  resistance 
under  laboratory  onditiors  and  at  the  Mine  time  add¬ 
ing  to  the  general  bcaic  iufomiatmii  on  tl»e  awbject. 
The  tree  plain*:  t*»t  mrtl^od  rcferml  to  pr*rioo«iy  waa 
fidlowial  cxrrpt  where  certain  »<■«♦  procedarwt  were 
»nder  consideration.  UarticuUr  attcntbui  wasysvep  to 
the  \anoua  effect*  of  rjstxfo*  nu-LhoI*  of  lnarulation 
and  mmTi«n«in  of  «l*n  K  nf  .*1."  «lilF»rwot  fangi 
when  ap)HHM  aiugly  or  in  urunu  combinations  of 
mixwd  nJlwe*.  The  result*  of  tbexe  stud  «■  arw  giwro 
in  drt*i!  ia  OSRD  Report  56ei4  and  a'*  summarized 
U  follows 

I  \  stmt)  was  rcvle  of  varton*  hiotogoal  faits<r* 
infiumei  if  Uni  growth  of  fu  gi  mi  pkst.ra  ^  me  .Tf 
diffaient  sraltnre*  ef  fungi  rep.  «enUwg  ?0  spsrae*  w*t* 
used  The  fawgi  were  f  r  the  moat  part  isolated  from 
mwtenal  attacked  in  th*  t'  ,  ■  a^d  the  majm  •  ■  m 

were  the  Aawfra^an  Wrtwlog  ml  Pa*  the  Hi  4 t*l( 
Mi  err  of  *j<  - -r  *w-  the  G.  S  {Vpartmaat  of 
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A^rirnitnre.  Mo**t  organisms  recoin mended  (or  iuoru 
hitiuti  test*  by  tin*  Australian  mid  nritioli  authorities 
an*i  It)  TDAl-  were  included, 

V.  The  three  representative  plastic*.  ohoren  were 
the  vinyl  chloride  acetate  eopelvmer  Yinyhtc  Vi 
1900  and  Viiijlitc  YU  &:XM,  aud  the  phenol  formal - 
(Jeitjifc  cloth-tase  laminate  Tjaftfeoid  693G. 

Ji.  In  general  tin*  TPAU  tecoiminjiidijd  method  o( 
tcatin^  was  followed  c,v<»|?t  when  tiso  varioua  last 
procedure*  w  eve  undw  ounsldwmtSon.  One-Inch  squares 
of  the  plant;***  on  standard  mineral  salts  ajar  in  petti 
dirties  weft  inoculated.  The  extent  of  growth  ranging 
n*  five  fla-vwa  from  none  to  very  heavy  was  given 
numerical  rating  of  0.  1.  i,  10,  and  .20.  To  date  o*>r 
3,000  petri  evdtnr*  observation*  Itave  been  mad?. 

■}.  lunula  .ion  by  a*nmi«ti;H*  umler  a  i.vod  reduced 
contamination  as  compared  to  iuocntstioa  by  th# 
drop  method,  piTsofireWy  bet  a  use  of  greater  com¬ 
petition  furnished  by  live  widely  distributed  inocnlrtat 
spore?.  The  former  iO»timd  is  accordingly  recom¬ 
mended, 

!i.  The  amount  of  growth  U  dej*enclen‘.  ou  the  cmi- 
ivutnstion  of  the  *jxm?  suapeaamp  jijooulutn  np  to 
S.OOOsjujr*.*  per  sq  in.  of  pWti'*  surfaoa  Fuithemxre, 
ilie  growth  of  coiiUminanU  is  mluced  aa  the  amount 
of  inoculum  is  increased.  Single  aad  mixed  culture 
moeuiaiion*  should  !«e  staudardiwxl  8*  regard*  spore 
ftjnefntratioxi,  a  minmiam  of  per  aq  in.  per 

fungus  is  suggested,  while  100.000  to  1,000,000  would 
be  preform!  for  iy*1<m  mg  contaminant  growth. 

6.  Sirirti  a  given  fungus  cult  Me  under  standard 
(vuiditiutw*  temlw  t«i  produce  the  same  quantity  of 
si*oiv*,  n  constant  dilution  (actor  may  be  used  *»-  P»- 
paring  ihe  afandanl  inoculum.  The  itinerant  fungi 
studied  varied  in  tjiri*‘  spire  yields  per  test  td»c  cul¬ 
ture  frum  10,000  to  t  ,000,000,000. 

7.  Observation*  were  made  at  3,  10,  20,  nr-’  -tt) 
day*  after  inoculation.  Mori  i?m«iilanl  fuiir'  reach  r 
peak  of  growth  wuniii  tuts  period:  a  i>-*\  n-isvwr, 
irnitiime  to  rusinlavn  *  h'jdi  bnal  r*  growth  Vifcl  con¬ 
taminants  reach  th«r  jawt:  of  development  later  than 
ll»t*  mocvibr.it*. 

8.  Con.ji»ri#j:iv  were  tuiKlr  of  the  growth  of  the 
different  fungi  in  fiuglo  rwJturp  on  the  plastic*  The 
various  (m * gr*  shown!  dm*r«c  projiertia*,  some  grow 
well  on  all  three  plastics,  amir  on  only  one  or  two, 
aim  on  none  In  general,  tlw  greater  .he  growth  o( 
moevdant,  the  l**a  the  growth  o(  coi-t  amtnanl*.  Soma 
fungi  reach  an  early  peak  o(  rrowth  and  die  ofT;  tlii* 
ia  more  or  l»*ss  typical  r.(  the  Penicillin.  The  Asper¬ 
gill)  a*  •  go  up  aliow  more  *n»,aiiicil  growth.  Oil  the 


haais  of  relative  amount  of  growth  and  freedom  (ivra 
toritaintnetion  the  (nag*  were  rated  in  fiv«  clawen  s* 
tu  d.?sirghiiity  a*  tent  otyraniMUi*  iu  single  cult  a  re. 

t>.  ('oidaniinating  (ojagi  «'««  idcutifled  in  aa  far  a.a 
feasible  and  their  relative  abundance  noted.  For  the 
nn*t  part  they  conaitted  of  the  more  active  genera 
carriidl  iu  pure  ctiltuui.  Ob')  one  new  specie*,  provi¬ 
sionally  identified  an  A ftpergilht*  fvimnatui,  t*a 
observed. 

IP.  Severs!  series  of  linked  cultures  were  studied. 
One  was  <<>mpo***d  of  TDAC  iwjumw-ndcd  urgatiiains, 
a  sev-nnd  of  the  ‘H(.o»h  iidturce.  a  U»ird  of  the  remain- 
inc  fwrijri,  and  a  fourth  of  all  tho  cultarew  Jfarke<3 
diffeceiice*  were  noted ;  Roost  fungi  bcharwl  as  in  single 
crltorc  but  a  fevr  wore  unable  to  meet  oiiuil  culture 
conpetitiou  Tlie  domiiittiit  organism*  in  dwemling 
order  for  the  fourth  eerica  of  ail  fungi  were;  VU  lit 00 
— l*«uoiiii:!iu  spp ,  AtptrgHhi*  finvu*,  and  Cnrrtilaria 
Itim/a;  VU  6-00-t — IVnicitliuni  ap|». ;  Lamicoid  6039— 
CkartoGiiMm  ghhojruw,  M en>  no*i*ll<s  rehinata,  Mflnr 
rkiiiu e.  gfxfir.onttn ,  I'enictlfi j;n  app.,  Citrrulmri*  l»<- 
n'iia7  ami  A.  farvs.  Of  miner  iwijiortani-e  on  all 
ihrcc  piratic?  was  /;Au»p»w  Kigrimn*,  A.  uxtu*.  and 
especially  .1  ntgritmn*. 

11.  Fitriher  single  snd  aviaeil  culture  studies  now 
in  progress  sup|iort  the  almve  jvoint  to  the  specific 
dtimiiiMiue  of  Vt  ifif/tum  latent*'  41,  AtpergiUtts  ( ftt - 
ntitHtiu-v  H  RT1,  «n<?  .4.  flatus  3. 

12.  Slued  culture*  are  n^’cniwnded  fv.r  general 
testing.  On  thn  basis  of  tins  study  to  date,  the  Ml'  w- 
ing  orgsuiaais  are  coneb^wd  riimI  .lealrsKU.  (ot  njived 
culture  iwntaticn^  cf  plaatics  and  pta -tic  conijioiierits : 

FetiictHia: i  lutrutn  41 

AejtfrgQJ a*  ( fumigahuf )  Hi  / 

Ck~eicma-\  gluboMum  10-12. 4 

Mtmnoaifl! *  erAi»'*<«  % 

For  a  w  ider  select  ion.  the  following  may  atao  t<e 
included  : 

IVnicillHini  rjv  133C.2 

i  a 

(  urrw/*r*Vi  fvnat*  46 

.V yluiinataM  1 311.2 

m  Pure  Culture  Methods  ft* 

Testing  Textile* 

( ’*•  »*in  of  tlvm  stwdio*  were  njdertaken  aa  *  rmult 
of  ibcjeioiu  wbic  were  r  *r  dwring  *  reT*Bcc  "wv 
fliotigiiwl  Teatinr  awi!  Trat  Ori  »n  «r  »  wbeh 
arranre*}  and  sisaienml  by  TD.\t  ,*  partn-ularlv  (base 
•fuuii-  on  the  cSevt  of  the  aat«"  a  d  ivmpoaition  of 
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culture  me. lia  on  fertile  deterioration  by  muTOorgin- 
i»im  an«l  lliom?  involving  a  omnpariaou  of  strains  of 
.Ufmgtiltu  nigtr  for  textilo  leering.  A  comparison 
of  cellulose  degradation  by  two  sincere*  of  Cliactomiuni 
wax  aliw;>  made.  Tl»e  investigation*  of  sterilization 
treatment*  in  pure  culture  studies  of  textile  ilehsriora- 
tiu«  hy  iHiLiuoigjiiiauu  were  the  outgrowth  of  co- 
ojwratir©  test*  with  the  American  Association  of  Tex¬ 
tile  t'heznirts  and  Colorigt*  to  determine  the  rrprvduci- 
bilitj  of  various  texl*‘c  testing  procedure*.  The  results 
of  these  studies  are  given  in  08HP  Ueport  6#8f».T 

Tit  cridilion  to  studies,  the  uatuiv  of  which  is  ili- 
chrjlted  above.  . united  experiment1  were  conduct, d  to 
determine  the  relation  of  hyphitl  penetration  of  fabric 
fi!>or?  to  lose  in  tcneile  strength  which  oocun  in  fab¬ 
ric*  when  they  arv  exposed  to  fungus  attack.  The  ob¬ 
servation*  which  were  made  strongly  suggest  that 
fungus  deterioration  of  cloth  is  lint  always  directly 
related  to  the  hvphal  ration  of  filters  In  some 
matinees,  particularly  in  young  cultures,  it  appeared 
thnt  filler*  with  breik*  in  their  wails  contributed  to 
Iowa  in  lm-aWing  strength  of  the  cloth  in  which  there 
waa  seldom  any  penetration  of  the  hypliae  into  tlie 
lumina  of  the  fibers.  Thia  suggests  the  possibility  that 
sorw  textile  breakdown,  following  inoculation,  may 
result  from  a  digestion  process  by  enzyme*  or  other 
accretion*  of  the  liyphae  in  contact  w  tli  the  flier  sur¬ 
face.  Studies  on  this  aspect  of  fabric  deterioration 
which  were  conducted  tt  the  Philadelphia  Quarter- 
ali.  ter  IVpot,*  however,  have  led  to  a  different  inter¬ 
pretation  in  that  they  aergrd  that  the  jienod  of  rapid 
decline  of  triuih-  strength,  after  the  penetration  of 
the  filior  wall  hr  the  fungus  iiyphae,  eorreepnndx  with 
tlio  period  of  rapid  grow*',  ot  fuuwna  in  the  luin<n*  of 
the  filw*r».  and  that  enzymatic  action  on  the  cx.crior 
of  the  fibre  presumably  accounts  for  very  little  nf  the 
lota!  decline  of  fiber  strength.  It  is  obvious  frewi  theue 
conflicting  interpretation*  Ibat  further  information 
la  limiro  no  (ilia  point. 

In  the  report  uf  tlie  ('oHfi-reiire  mi  biological  Teat- 
nip  and  Test  Organism*,  the  d  srussion  which  cenler»xl 
around  th*»  use  of  different  media  in  pure  culture 
iexti'e  tests  is  recorded.  In  pneticc,  preaamably  stand¬ 
ard  moli*  as  nred  Ivy  diff  rent  lalorttonrs  have  bom 
nwritfled  slightly  to  rire  use  to  (onsi.lers'.K  variations 
ill  rrsults  and  road  i*  oh<l  A  crrq>«ri*on  made  nf  the 
b  ’  media  owd  in  various  !*  iratorie*  for  pure  cul¬ 
ture  micro  lolngnal  ♦•<*}»  repealed  that,  f*r  a  given 
incubation  period,  >Uivl*rl  rginiam*  pt*  lured  vary¬ 
ing  r-xln-tion*  is  bresii  g  strength*  ef  t»xtib*  when 


tested  upon  (he  dtflf-rviit  media,  notwithstanding  the 
use  of  a  generally  standardized  technique.  fhis  in¬ 
dicates  that,  for  purpjmw  of  stniidsriiizing  cx|io*urr 
trials  of  fui^iviuwl  treatments,  there  ahmihl  be  proper 
adivtxm  of  tli©  b.isii’  agar  medium  in  pure  culture 
tests,  inasmuch  as  pure  <ulture  tests  are  widely  used 
in  laboratory  trials  ;vial  treatments.  Tl«e 

conditioi.s  which  particularly  influence  a  variation 
i"  wolfs  ere  wj(ptlic'  or  not  a  carbon  source  was  sup¬ 
plied  (maximum  vegetetive  growth  with  little  or  no 
deterioration  of  cloth  usually  nciurred  in  the  pretence 
of  »  carbon  Mure*!,  tlie  »#II  of  »h<  medium  (somewhat 
greater  louse*  in  breaking  air  ugtii  occurred  on  the 
nmre  alkaline  substrates),  and  tlie  nitrogen  supply  in 
the  nutrient  medium. 

The  Conference  on  Biological  Testing  mid  Test  f Or¬ 
ganism*  decided  that  a  comparison  of  the  strains  of 
Afpergillv •  mgs'-  for  .extiie  testing  was  desirable, 
jurticularly  since  many  different  strains  of  the  organ¬ 
ism  liad  been  used  in  various  types  of  testing  and  lie- 
cause  evidence  was  available  that  at  least  some  of  these 
drains  differed  in  their  physiological  projicrties  Cer¬ 
tain  specifications  require  materia  la  to  pass  testa  in 
which  Atpergilltu  nigrr  is  used  but  they  do  n*>t 
cpecifv  a  particular  atm  in,  and  it  was  visualized  that 
these  studies  would  indicate  the  desirability  of  using 
sperifie  strains  and  give  an  indication  a*  to  which 
straiio  were  more  suitable  for  icxlile  testing  pnrpr>se^. 
In  all,  fourteen  ’ifferent  strain*  o?  i’ie  organism  were 
acquired  for  these  is»m|«rative  studies.  Investigation* 
of  the  rewistanre  of  the  strains  to  fungicide*  weri  made 
with  the  fungicide*  incorporated  into  ^ahnc«  and  with 
the  fungicides  iiuoqsiratcd  into  the  culture  media. 

he  ability  nf  the  variou*  strain*  tn  drroTOpose  relhi- 
I«w>  wai  determined  as  was  tlwir  ability  to  compete 
* i tli  other  nrgti.is-j.ji.  Tl»e  result*  a«  recorded  in 
OSRP  Bejsirt  S^?vMtT  show  that  the  different  strains  did 
not  vary  markedly  i*i  their  tolerance  to  fnnginde* 
r\<i.|t4  fur  i«ro  strais*  whiili  wer*  also  lew  aggrewiie 
in  competition  with  mnlim  t*'  ng  rivganis*vi»  and 
prolnwl  only  meager  -»p irulatbm  Tin*  pcrtais* 
sluciMV  with  fungicide*  inoorporat1*!  into  fahn  * 
Greater  arialdlity  w»  *  en  is-  ng  the  var’  i  a  rain* 
where  fongi  ides  werr  incrrpo- ate«l  d  rectlv  into  the 
agar  and  some  at  *«f  ■  ch  r»<s,irj«<i  wily  prod  v»t 
variants  (  ndcr  th.»e  •  t  '  -as.  In  g  iwral,  -  it>»vn 
etcsrvlfd  ad  -<hers  tn  rfrvtirg  redaction*  in  <e-  «' 
•♦reogtli  »f  grar  , ■ottos  d-’k  in  act  *-a|  w-slatM 
V  atr*  n*  »***  p****- iia  tv  at,  '»ot* 
with  H'”  r  f*-i  i  is  i’t.  T‘  M‘p  tfi-w 
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strain*  whirl!  were  tolcraut  to  fwsgindM*  inour- 
in  the  fsbrh*  shoved  tittle  or  no  growth  at 
at]  u uder  the**  c unlit  ion*. 

•  n  t  he  studies  concerning  the  ability  of  Kpeeiaa  of 
Chariomiuni  to  degrade  fabric#  in  pore  culture  tisd# 
there  were  no  Mgniflctfit  difference*.  tinong  fonr 
strains  of  globotum,  acd  a  strain  of  ('.  eiaium  aji- 
l***an*I  less  effective  than  any  of  the  drains  of  f'. 
globonim  in  the  experiments  conducted, 

In  pure  culture  testa  of  fabric*  mi  mineral  mH* 
media,  aseptic  condition*  are  rigidly  maintained  dur¬ 
ing  iii'K'ulatkui  am)  incubation  procedure*.  The  stcr- 
ility  of  tiie  cloth,  however,  irtav  or  may  not  be  ignored. 
Vaiiim#  undesirable  conditions  leonlt  when  contam¬ 
inating  organism*  preaent  osi  the  fabric?  develop  cud 
the*-  ’iiav  effect  tin*  result*  of  the  test*.  if  sterilization 
of  the  te*t  cloth  i#  to  be  followed,  the  irilulose  am) 
other  constituent*  of  tiie  fabric  should  tio*  be  altered  ; 
the  doth  should  1*  a*  *ii*»eptihle  to  the  effect*  of  the 
tost  organism*  before  and  after  treatment;  wbc;e 
treated  cloth  i*  n#cd,  the  effect  on  teat  fungi  mnet  not 
he  changed  by  sterilization ;  and  any  dieinfwt'ng 
agents  should  bo  easily  removable  from  the  doth  so 
tliat  the  teat  organisms  are  not  affected. 

The  te*ia  wmcb  were  conducted  in  them*  investiga¬ 
tions  employed  two  method*  of  sterilization :  (1) 
chemical  sterilization  through  the  use  of  volatile  fun¬ 
gicides  which  were  easily  mmoied  from  the  fabric  be¬ 
fore  inoculation  and  which  did  not  enter  into  direct 
:  hemirai  lombiration  with  any  ingredient  of  the 
cloth;  and  (2)  physical  steriii. ation  «nch  aa  by  steam 
or  dry  heat.  The  experiment*  deaorihed  in  0811D  Re¬ 
port  rnig9T  <,oncem  the  uaenf  formaldehyde  and  methyl 
alcohol  a*  volatile  fungicide*.  So  fir  as  tliemicai  iteri- 
iization  is  concerned,  it  was  found  that  the  length  of 
t ho  exjKieure  required  to  insure  romplrte  stcriiixation 
was  generally  prohibitively  long  to  warrant  the  use  of 
atuh  agents  aa  a  mean*  »f  sterilizing  cloth  for  inocu- 


iutiou  locta.  icrmaidchydc  war  retained  by  ttwv  <loUi 
for  long  period*  amt  excearixely  long  aerating  times 
would  be  required  to  thoroughly  remove  the  last  <»■*->»* 
•M  .iwnfevleMt  lirfore  inoculation  tests  <*ould  ho  per 
former!  without  danger  of  interference  with  the  teat 
organisms,  doth  sterilization  with  steam  under  pres¬ 
sure  appeared  to  offor  the  moot  satisfai-twry  practice 
for  routine  use.  Small  rediKtim  in  tenaite  strength 
did  oentr  after  autocUvirg  and  in  inoculation  fast*  a 
trend  w««  indicated  for  fungus  MeTioration  of  the 
cloth  to  become  somewhat  reduced  with  increasing 
exposure  to  the  steam  sterilisiii,;  conditions. 

#x-s  Fvajuatiofi  of  Teat*  Revitll*  in 
Terms  of  Field  Performance 

The  ideal  test  metliod  to  determine  whetlwr  or  not 
a  particular  item  of  military  equipment  or  material  is 
suitable  for  tvopic*!  service  i*.  to  expose  the  item  to  the 
natural  ooiiuhion*  «»•  Sb**  imp.it.  »*  •  final  teat.  It  is. 
lioweter,  obviously  i  rr.puuaiblc  to  do  this  except  per¬ 
haps  in  a  few  canes,  particularly  in  time  of  war;  con¬ 
sequently,  reliance  must  be  placed  on  accelerated  test? 
which  Iiave  beeu  shown  to  correspond  to  much  longer 
period*  of  tropical  aorvice.  in  only  a  very  few  instance* 
have  licginnin  »  «*rard  this  goal  been  (vnisible,  even 
with  the  merer  ,  testing  program  during  World 
War  If,  and  the  necessary  investigations  to  relate 
then*  accelerated  tests  to  |**rfonn*iice  in  the  tropics 
still  remain  to  he  performed  in  nine  instance*.  Tin 
necessity  for  further  studies  to  standardize  and  refine 
tin*  various  h>t  method*  u*ed  in  lalRiratoi y  studies  on 
the  prevention  of  tropical  detenoration  are  indicated 
for  many  materials,  and  maximum  benefit  of  each 
improved  metis's  esn  only  be  denied  when  they 
have  lawn  adequately  correlated  with  exposure  to 
natural  cundmeua  of  the  tropic*. 


Chapter  9 

RESULTS  OF  TESTING  MATERIALS  UNDER 
TROPICAL  CONDITIONS 


«  LOCATION  OF  TROPICAL 

TEST  STATION 

Iv  thk  test ixa  moons  m  of  the  Tropical  Deteriora¬ 
tion  Administrative  Committee  [TDAC],  exposure 
»f  xnateriah  to  the  natural  condition  tlie  tropic* 
Us  teen  made  iu  mnuecttou  with  fundamental  studies 
i»n  tlir  deterioration  of  fabrics  which  sire  discussed  in 
t'li m |rtrr  4  and  iu  studies  oil  the  prevention  of  trojnoal 
deterioration  of  optical  instrument*  whi<-h  are  di»- 
niwol  in  Chapter  .‘5.  Tiieae  exjHmure  testa  of  optical 
instruments  constituted  field  trials  of  the  moat  prom- 
bixag  methods  foi  protecting  the  i list ruinente.  Trop¬ 
ical  testing  was  not  limit'd  to  tins-.'  stndina  cited 
shove,  however,  snd  the  result*  of  tropical  exposure 
tewta  o*  a  wide  variety  of  other  material*  are  summar- 
iMMl  in  the  frdlowing  auctions. 

The  tropical  exposure  testing  was  jwrfonned  under 
natural  conditions  at  llarro  Colorado  Island,  Panama 
Canal  Zone,  and  under  simulated  tropical  rnnditioiis 
in  a  *)*■<  sail)1  constructed  tropical  house  in  which  tem¬ 
po  iitnre  and  humidity  could  Ik-  <  lonely  coutro  Ud  at 
tli**  I* niv entity  of  Pennsylvania.  Section  9.2  will  deal 
si  th  the  reanha  of  exposure  teat*  in  Panama,  end 
St*i  tion  9.3  discusses  the  results  of  thv  evposnr#  test¬ 
ing.  in  tlie  tropical  Ivouar  at  tin*  University  of  Pe*'i»*yl- 
tawi  {l'P]-  limited  testing  using  Iwlanced  mite- 
fn  rfiw  |n>pi  lation*  was  performed  at  tl»e  University 
of  Pittsburgh  and  Section  9.4  deals  aith  the  results 
of  these  e\;ioswre  teU*. 

Th*  Tropnal  Test  h* -it  ion  waa  catab1  died  at  Bamo 
i  '•  iIukU  Island  situated  in  Gat  n  Tathe,  Panama 
(‘amt1  Zowe.  This  idand  *►  »*t  aside  as  a  biological 
r»*werve  in  1923  and  has  aiitr  b»en  established  aa  the 
i  u-al  Zme  Mdogral  Area  .  an  Art  of  Congress 
l  5m*  facilities  of  Harm  Ctdora  lo  Island  wr'  *»•  *- 
si  ailaUh  to  TDAC  bv  the  Board  »f  Ihrsct-.rrs  of  the 
I  *afcal  Zc*  B  "d*£-ral  Area  A  dewnpt-  ■«  wf  tJk  •  tw 
u ■  .*!••.*  w  jive-  it  UKKD  ’•^J‘0'  ato«  wiih 

■  ■  .!*■■*  it «—  i-'  th*  rwnfall.  nL  trr?  v  ■«..!  •-  _ ■>-*  P. 
(aw  md  In  iartfe«ltrl«  fawn  W  th*  rsgw  j 
Th  repwt  Aw*  *»  the  U  r-tat  .it  f* -■  ititi  ww-  ► 
x»*iia**ila  •  a  *  '  -  at*»r*  M  tw-  v^-  -.re  fa  V  e* 
n  -e  w-**  — **Hi»hss<  a  svn-etfv  r*  a  slb*-l*- 


e.t|si>iire  site,  an  open  jungle  shed,  a  closed  storage 
shed,  and  a  jungle-exposure  pwi ;  the  contrasting  con¬ 
ditions  which  them*  different  sites  offer  are  prescrib'd 
in  this  report. 

The  Tropical  Test  Station  was  established  by  UP 
in  conjunction  with  their  studies  on  the  prevention  of 
iV  -riorr.tion  of  optical  instrument*,  Init  it  was  soon 
realized  that  by  the  use  of  th«*e  facilities  for  the  ex¬ 
posure  of  other  materials,  valuable  information  could 
Is*  obtained.  Accordingly,  invitation*  were  extended 
to  office*  of  the  Army  and  Navy  t.  submit  material 
for  exposure  at  the  station.  All  arntngeniciita  were 
made  through  TDAC,  and  the  result*  of  the  expo¬ 
sures  were  in  turn  made  available  to  the  submitting 
offices  by  the  committee.  The  summaries  of  results 
which  arc  given  lielow  have  n«t  been  previously  re¬ 
ported,  except  in  a  few  in«taneea.  In  all.  a  total  of 
over  1S.0C9  individual  items  were  exposed  n  Panama. 

m  RESULTS  OF  EXPOSURE  TESTS 
IN  PANAMA 

In  the  following  discussion  of  tests,  tliuae  items  *uth 
as  textiles  or  packaged  materials  which  were  sent  to 
the  station  for  evpuaure  and  return  to  the  submitter 
srr  net  indicates]. 

FI.YIVU  CLOTKIVill  H  ATS  K]  At. 

Tlu*»c  materials  were  submitted  by  the  Acro-Medn-sI 
laboratory  of  ifte  Air  Technical  Hervue  Command 
and  included  fourteen  diff  rent  sample*  of  n* >►* 
i v pe*  of  fabric*  and  leather  'wat^tiab.  Them  wet*  ex¬ 
posed  in  a  roofed  jetig'e-svp***  ( r*  c  *a  -W-r  a 
rw.  (,«l  nf  right  months  \t  th-  "isl  ief  ths  rxpt**aiv 
priori  samp-r*  of  XrV*,  witerp»mofr»I  hoat  *  'r  th 
s  i  I  alp-  s  w  «*1  jwle  were  fsawstb  n  C-  *— 1»  rmm 

■  item  a»d  sfc.  aed  httle  nr  ?■“-**•  gmwtli  hawsple* 
of  dhe-r  M'lllf  «btr  fn*  «id  «*wt)  V  rfowsf 

■  wJGriU*  f aka »  de-*ln«  u-t  ImA  4*  leatta  r 
aid  f»  sffw*‘  The  ra]"^  a*  *sst«  —  stirai  a’ 

■  i*  ref  r  it  earnw#  *§.  lie  N  eva 

*f  is*w*  materia  *  w*r*  f  *i|i  it*»  Irw* '-l 
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IYia  rw*  Amti-axic  Fahkics 

These  materials  were  submitted  hy  the  National 
Bureau  of  Standard*  in  conjunction  with  work  fur 
tin*  Hun  aii  of  Aeronaut ica,  Naty  Me|wrtnient.  mid  con- 
united  of  samples  winch  were  to  lie  exposed  alsne 

gumnd  in  siniiigld,  above  ground  in  shade,  on  the  sur¬ 
face  of  the  soil.  and  buried  in  the  anil.  Three  sets  of 
eight  strips  each  of  seventeen  different  mi  blew- proof¬ 
ing  I  refitment*  were  supplied  for  each  exposure  con¬ 
dition,  in  addition  to  one  set  t<»  bo  used  for  initial 
bioakmg-streiigtli  determinations  K«>ilmit  mils  roii- 
aixted  of  breaking-strength  measurement*  mipple- 
rnrtiud  hy  visual  observation*,  The  imdt*  of  this 
Ktmly  wore  summaris'd  informed}-  for  the  Subcom- 
niitto'  on  Synthetic  hoahta,  1*la»tic*,  anil  t i«- i»<*»-».'* 
The  lout  fabric*  wer>'  ee.ab-1  with  four  coat*  of  clow* 
crllnhwt'  acctale  butyrate  airplane  dojie  an<l  lwo  coal* 
of  eamoulUgo  white  pigmental  airplane  dope  in  ac- 
eon  lance  with  sjwei  float  ion*  pertaining  to  routed  air¬ 
plane  fabric*.  Six  different  fungicide*  were  applied 
in  two  concentration*  hy  in«xir|nratii;g  them  in  the 
that  e-at  nf  doping,  the  other  fixe  fungicide*  were  ap¬ 
plied  f  the  fabric  by  the  fungicide  mumifai  tmvr 
prior  t<i  the  application  of  tie;  doping.  Only  idiglit 
clmngra  in  lenstle  atrength  were  noted  in  the  sample* 
e.\|***ed  hi  air  in  the  shade.  On  tin-  oilier  hand,  marked 
loan***  in  tensile  stremrth  occurred  m  the  sampio*  ev- 
in  tlv  r  in  ann'igbt.  Tart  of  this  lone  i-  to 
bo  ascribed  to  d.o,  norwtiou  of  ilie  highly  pigmented 
minoutiagc  white  dope  and  I'oncoiiuiiitaiit  Kwa  of  it* 
light-*/  reetnng  proper' ia«.  The  largest  lo**  tseurred 

in  «iiv  i »*o  «*i*uplo*  in  oouh  oiji|K‘i  ii*(<oli«--i,a(e  had 

been  iio'orp<>rat«l  into  the  fir*t  <wal  nf  do}*'.  Rclatiiely 
large  |oa*  is,  tensile  drengtli  wn*  shown  hy  the  sample* 
treated  with  j.ienvl  mercuric  salicylate  The  Hiialleat 
I  -a  in  sun  e’JHXMire  was  shown  hy  the*  idle  dimethyl- 
ditltMearlainiate  nwnrpto  with  the  higher  cwwntratwm 
of  the  fungicide. 

Of  the  swniph*  <\|MMed  on  the  soil  surface,  timer 
treated  with  phenyl  mertnrie  aa’nylwt*  *b«wrd  gwsl 
rrtent'on  nf  strength  Only  a  slight  in  strcwjph 

«W*  noted  fi-w  the  co* tp>l  samp  cs  cm  taming  no  fun¬ 
goid*  hut  those  treated  with  ddiydmxydn  wtornds 
liheaylnieOinve  shown  1  a  marVeet  teiwMe-airrsgni  i*««. 
Kabruw  inated  with  phenyl  inert  urn  *ah via1*-.  the 
Mans’1!'  pm<e**.  awd  sin-  diawthx Mitlncx "ibwmat* 
.lowed  the  k*t  strength  rrtewt hoi 

I  xan  is*ti*  ti  tk  faki-  -■  rrlw  •  I  ft  *  m  l“.  vm* 
.  ,  wwd  t»ai  no  fwsgv  'al  tr**'»*w*M  a  «~*d  toe  ad 
Se<iw-n  Wtacen  lope  a>  >  faerie  o»  't»t  »'  **  aw- »  r 


trcate«l  w  ith  copi^T  nuphtiienatr  and  expiat'd  to  sun 
and  *nil  burial  and  those  treated  with  mne  naplitlie- 
natc  exp-uwd  to  soil  burial.  On  th<  I  .sis  of  tlieac*  re- 
suits,  recomiiK'iuUtions  were  mmlc  to  the  Bureau  of 
Aeronautics  that  zinc  diinctlivlilithincarbamaO  lie 
used  as  the  mildew-proofing  (t»ni|N>und  for  coatixl  air- 
plHnc  fabrics. 

1’ackaokd  Fut'ir  Hai« 

In  addition  to  the  hOO  iiidixinmd  bars  which  wore 
sent  (o  I’anaitM  fur  exposure  tc*ls,  the  ton  ho  nanilaw 
was  isuil  to  the  Tuiiersity  of  I'lttshurgh  and  tJI* 
for  exposure  under  artificial  tri>}><c«l  condition*.  The 
results  *untuLuriscd  here  arc  taken  from  data  fnnn 
all  the  exiKjeure*. 

“I  ke  *r  niphw  were  submitted  by  the  I'ackagiug  Sec¬ 
tion,  Military  Planning  Mnision,  Ofi'xv  of  the  Qnar- 
termader  tieneral.  and  thev  <'on*i*t(vl  oi  ■f-o’  fruit 
bar*  double  wrap|»ed  in  various  eombiuwlion*  of  regu¬ 
lar  untreated  colktphane  and  «y!lopha:ic  which  bad 
born  given  a  splint  earl»on-*iher  ixiating,  with  and 
without  |«deumati('ii  after  the  first  wrapping  The 
carlam-silver  cs«ting  had  been  slaiwu  to  lia.e  fungi- 
cidwl  value  in  pn-luuinarv  teals  and  tlie  ohje»  t  of  these 
ex|m*liroa  was  to  deternmie  it*  value  in  protecting 
*urh  a  highly  susceptible  nuitcrial  i>  a  fruit  !>ar  fmm 
micndutdogrxl  attwi  k. 

The  oix*erx  at  ion*  which  were  made  i  m  in. led  l  isual 
olisenration*  on  Ibe  uvti  ni  of  mold  development,  and 
the  iH<rnrreniv  of  *wr!n*»g  and  blexaliug  *1  the  Beams, 
in  addition  to  weight  d<  teinunati.um  width  indiratdl 
the  awioii.it  of  moisture  lrwu*rdttnt  through  the 
wrapping*  t’« inclusion*  with  refemnee  U.  da.  ralnc 
of  t  lw*  fiingi-idal  ixwiing  an*  a*  fid  low  s  : 

1.  TIh  cartNiD-siher  cosletl  .»>  lo|4  ane  ntTcred  no 
xnprenal  ly  “oetter  resiataiux-  to  fungi  than  did  the 
regular  rrllophai-r. 

2.  The  nuust n rr-va|ior  owistamv  of  tlie  ceilnpluo/- 
lowered  m  mating  It  with  the  esetw»i*-siher  i«tx- 

iw*w. 

fi  i'astetiriaation  degra-h-d  the  moiriure-x  ap»r  re 
*s*tame  *4  ifc*  regular  cellophane  to  a  greater  degree 
man  <  4i  nf  .^tr .!  i  Jb  .'sane  cvi&n  * 

or taiwed  wx:i»-lr  i  .  1  catesl  that  the  heat  of  pwsteurua- 
t*  »i  efies-tnl  a  mere  »#«  ir*t  ,rf  the  l*mer  wrapper 

I.  The  beat  sib  at  -  M  wra^-.  ng«.  t*  *f—  e*, 
cwti«M*fl|  of  an  t»*ei  wrapfawg  anh  the  wtW- 

(ha-',  fiUH  bx  pas#*,  ‘sat um  hrf.-rr  the  -wter 
*  *Wf  "f  *rf«hll  'rlVAw'ie  III  afffcwi. 
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Pares  or  Sum:*  with  ami  w  ithoi  t 
VoUtii.e  Fr\(.niDKs 

Four  eases  of  slioci,  Cw*t  with  fungicidal  |>ellet»  and 
two  without  such  pellets,  wore  submitted  hy  the*  Foot- 
ui'iirtiiil  leather  Section,  Military  I’Lantimg  Diviaicn, 
OfTne  of  {he  Quartermaster  Hcneral.  The  volatile 
fuiiff’ci<te  contained  in  the  pellets  vm  tridil-imphenol. 
T wo  of  tne  Icoxes,  oae  with  and  one  without  fungicide, 
werv  opened  hy  error  up  o  arrival  at  the  expomre 
station.  After  ihree  months’  exjmemre  in  a  roofoil 
(ha labor.  r.o  tm>M  »«*  evident  mi  the  shoes  ii.  any  of 
the  boxes.  Kx|«*»ute  ws*  continued  for  time  addi¬ 
tional  munths  in  an  open  jungle  pen  with  the  Ikixcs 
elevated  for  proteetiou  against  termites.  Al  the  end 
of  this  additional  three-inonth  exposure,  the  two  car* 
tons  with  and  without  fungicide  which  were,  unopened 
d  id  not  show  any  developn  cut  of  fungus  on  the  shut*. 
However,  in  the  two  c.  -ton*  which  had  Wen  opened 
hy  error,  all  of  the  21  pairs  of  shoes  in  each  carton 
rfnn.-e  t  *t  least  some  fungus  growth  on  the  stitching 
in  addition  to  fungus  in  Mining  amounts  on  the 
Irnthor  itself 

^titi  tin.  !,i:atiiki:  h.Miiu 

Kadi  sample  lonsisted  of  two  small  pieces  of  heavy 
Joatlid  stitched  together  along  one  edge.  Ten  different 
thread  treatment*,  including  an  untreated  control, 
were  rcprxwuteil  hy  sic  repetitions  of  each  trea*m<nt. 
TW*e  more  submitted  hy  the  F?sitw  mr  and  I  outlier 
Settinii,  Military  Hanning  I>ivi«oii.  *d!i<e  of  the 
*  jaarterme  stcr  Genera!. 

Afier  8  weeks’  exposure  in  ail  ojieu  jungle  chain - 
Iwr.  wher*  tin  y  would  be  expo*.*!  to  maximum  wetting 
ixnd  drying,  the  sample*  were  broken  oil  a  Suit  hruk 
Tester  At  the  end  of  this  peru*|  alight  \n*ildw  fungus 
growth  appeared  on  all  the  samp!***,  except  one  set  eon- 
tnismg  Nylon  thread.  The  fungi  *reineii  to  be  mostly 
ep«  ie«  of  I’enieiltium  and  the  growth  oel  not  extend 
«i ;  r,.  •:b!y  !*t“  !b*  leather. 

I  he  or  making  ♦  h»  for  onedmlf  of  the  differ¬ 
ent  treatment*  ware  greater  than  tlr  rapacity  of  the 
ma.  hi  or.  and  thaae  were  returned  to  the  submitting 
oflhe  Ml  of  the  furge-udallT  treated  sample*  of  thread 
eh*. wet  I  •  greatr*-  avrraf  breaking  atrrngth  than  the 
untreated  control.  Tl  .  trcVmeut*  whirh  were  only 
el  ghtlv  a*rooger  than  tW  control  e.aph.yetl  Rohm  a  <1 
Haw*  fugwi.le  ll-‘<*-  a»*4  a  »ro«ut  treatment  w«h 
i  *  ■  *r  HphtkaW*.  In  «s  ht:*n  to  tW  Vylafi  thread 
*-  Wp|f,  < he  tdher  treatments  WMrh  were  wvarloJlvr 


stronger  than  the  untreated  control  wrir  tHri.hrom 
ortinenvsd,  phenyl  memiry  trietlianul  ammonium 
lactate,  a  copjvcr  naphtlieuate  treat  incut,  M  fungicide 
(Arkansas  Coni|ianv  ),  dihvdruxydn  lilurodi|diciivIiiic> 
thane,  and  Hvainiuc  (llolmi  am)  lisa*  t’n. ). 

TuRATEI*  Filteu  1’ai  i  iw 

Ttic.se  mate-mis  were  submitted  by  (he  floor  of  the 
Chief  of  Ordnance,  in  o*>j>er*tion  with  the  TDAC 
SnlieonuuitteC  on  Electrical  and  l'.lw Ironic  Equip¬ 
ment,  and  consisted  of  .*10  samples  of  filler  paper  hi 
live  set*  as  follows:  one  »1— untreated  paper,  one  set 
— |M|nt  dip-coaled  witli  paraphenyjphenol,  tung  oil 
varnish  ;  two  sets  with  one  of  the  following  fungi  -idr* 
i;-iehidc  1  in  the  roatiujr  va^  isli  of  each — psntac hloro- 
plieuoi  and  cvalirvlauilidr ;  and,  one  s*t  dip-coated  with 
Irisl  .X  VBA.  The  ajvrriiinen*  were  exposed  for  a  period 
of  approximately  seven  mouth*,  and  althougli  the 
untreated  sample*  allowed  sliglit  ftnigna  growth  aftrr 
one  r.vonth’s  exposurr,  tl*i«  disappeared  and  at  the 
eml  of  the  exposure  period  all  saniplc^*  were  free  of 
fungus  growth. 

Siu:kt  lss»  i.vtinci  Matuuai.* 

’I'lie  Office  *>f  the  <  liief  of  Ordiianc-c  and  Tin1  Soh- 
conmnttcr  on  Kleetiiea!  an*l  Flectroni.  ICcjuipment 
submitted  i . lose  materials  jointly.  They  consi^tc]  of 
120  samples  of  direr  tv|»*  of  phenolic  plasti*  shirt 
in«ula'n.g  material*.  These  *ere  ««')w rated  into  twd'e 
ss-ts.  four  set*  i>f  each  tj|**  of  material  Initially  one 
set  of  .  sell  was  exposed  in  a  shady  and  she  ltered  lorn 
tion,  and  one  *st  of  etch  was  place!  in  a  ronnv  lorn 
tinii.  After  e.jrht  weel,*  tin*  origma’.  ex  (swine  tab  tar* 
J.iiftit**.l  jnd  tht  erti'v  ecpwiire  sas  dupluwtcd  with 
the  reinsining  *an.pl"»«. 

The  ocijc*li(e  of  tie  test  wa«  tc  il.Hermine  the  extent 
«,f  iisii*ture  uptake  by  ea*h  tvys  of  mate-real  iu**l*r 
th*>  contra-ting  cmditiow*,  and  in  tlsme  drU-rmna* 
tion*  weigh**.?*  on  each  individual  mmple  ».  *x:  100*1*1 
at  rr-rular  awe  fre-jaeM  iut**rxal-  Tiw  sxtsnt  to  wtn.A« 
live  samples  ahsorbed  moist  nr*  » u  then  cxwnpamd 
with  the  water  alsiorption  of  these  same  material*  at 
knprH  hnlHHtt— s  .sed  5*  *  ♦— per«t..*»  ,*(  ^;t  (*.  Tt«# 
average  water  sbaorptr*-  hr  the  Tanamc  sax  ,4e«  was 
generally  irwn|ianible  to  the  (<rf,  :w*a»*  e  *f  the  mate¬ 
rial  OT*-ler  la  Is  at  ex  r*lative  hwaaufitis*  '«f  a^t-  •* 
maleiy  ft  to  M  per  ce*st  <hs>ra*1i  t'-  »v  *  U*-.  »;**- 
lesre  aamplea  P^-w*]  ghr>- 1  a  0  1  |S*r  -  nt  laenwMe  in 
«*et  the  •»»i|»«ir*  *s  if  '  * 
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1‘i.AHTir  Traimit  Srinra 

riMw  sample*  vied  of  five  set#  of  ten  sampler 
wli  of  done*  terminal  atripe.  One  get  wag  untreated, 
imv  wag  tretted  with  Vo.  T 1  Bakelite  • .  rniali  alone, 
am!  the  remaining  three  sets  wore  treated  with  the 
above  varnish  wliirli  contain.*'  *  pai.de  fungicide*  u 
follows:  1  i*er  rent  phenyl  iwn  ury  salicylate,  S' per 
cent  penUphlort»phoni>!.  and  6  per  cent  unlit  /lanftide. 
This  was  a  joint  project  of  tlie  Office  of  the  Chief  of 
Ordnance  and  iiie  i  Ii.M1  .Subcommittee  on  Mlectrira! 
and  Klectmnic  Equipment. 

Kioqimnt  resistance  reading*  with  »  megohm  bridge 
were  nun  It1  at  *|  willed  intcval*  for  shout  .1^  rtiotilh-. 
The  evrww'ore  wa*  nu»dt»  ;r  m.  e,w’!/r2!rf  jujsg!?  expo¬ 
sure  chainin' r  where  the  resistance  hi*-«  «urements  were 
niiwcl». 

An  interim  rejiort  on  this  tot*  eommariae*  the  re- 
suit-*  .Vo  fungi**  growth  appeared  on  any  of  the  speci¬ 
men*.  The  result*  indicntc  that  a  coating  of  varnish 
on  such  materials  as  thevr  glows  the  rate  of  deteriora¬ 
tion  by  factors  of  3  to  10.  They  fnr  •  r  indicate  that 
in  these  teats  the  pure  v*rni«hei  pro‘wl  to  l>e  sliglitlv 
gu perior  to  those  containing  tlie  fungicide*. 

tJ.vfi  Mask* 

Titw  item*  were  exjaawd  for  the  Canadian  Air 
Boric.  and  they  itiriaded  mv.  it  with  three  different 
types  of  face-pim-  lining — chamois,  fabric,  and  un- 
Ihirmg  the  eight  pw<?>th**  sspreur?  ..f 
items  ivn«i  l“r»We  mold  dcvelnjed  on  practically  all 
|4rt*  There  were  n»>  upper*  labhi  differences  in  the 
dognve  to  which  the  different  types  of  face-piece  lin¬ 
ing"  supported  mold  growth.  No  fungicidal  ircaUnci  t 
WkJ-  given  to  the  sample*. 

Cotton  Fawucs 

Tlie-o  fabrics  also  were  exposed  for  ibe  (  aon-diui 

A.r  ^  l«T*V  |  ^w*»r  ««Taitv  d  fabrics  ««'»«  oim-  ocireaini 

comro!  were  in  ludcil  The  durat><n  of  #xpo*«rc  li. 
the  ojien  Jiosgb-  waa  flute  aiotMh*.  Bix.-akittg  «t*T  'j'h 
values  at  one  month  showed  no  significant  change 
The  greatest  change  after  Ihre*  moatW  uposw-c  ae- 
i*rml  in  tl*«  untmatad  sample  which  loat  approxi¬ 
mately  IT  per  refit  of  it*  ordinal  ettfr/lh  Thia  un¬ 
treated  taiv.ple  also  slewed  the  higWt  md*>--e»  »f 
fat  cm  gmwth.  The  heat  p--~'  w  *  of  the  f  • 

— '1  w«*  given  hr  1.4  percent  TNivatlic  Vy  X  (jalte 
ny?  mart  *ry  trwthnmd  ammonium  lactate). 


Pvri.K  kiK*XA6IC  I*Ai» 

Tlieae  were  ex|Hj*ed  for  the  Canadian  Army  Staff 
at  the  rtvjseti  tlrf  Office  of  the  Chief  Signal  Officer. 
KijAwurc  consisted  of  storage  for  eight  inontlis  on 
open  ahel.ee  in  the  closed  j  tingle-exposure  eh  amici 
for  aome,  and  a  more  severe  exposure  in  an  optn  jungle 
pen  foi  other*.  Some  termite  damage  w«t  noted  o'-  »he 
pad*  on  the  bottom  of  the  pi  W  in  the  cl  wed  chamber. 
The  only  f lingo*  development  occurred  to  a  plight 
extent  on  the  bindirg  and  backing  of  psda  in  the  open 
por..  and  t«  a  greater  extern  on  dead  inaed*  between 
page*,  Generally,  those  iu  tlve  clowsf  chandler  were  in 
excellent  condition,  white  tln«<*  in  the  open  jungle  pen 
on*l.y  uis. umr^u  m. . ou ,  aim  gret-n 

stainn  which  rxteiwied  throughout  the  ]wd*. 

Bau*Ju».vsn  Hthvl  I’auk'-s  <>e  STMrKiBU!  ('oatimih 

These  samples  (trwisted  of  n  mTien  of  nine  panel* 
-ubmitted  by  th'  V«vai  Orduame  Ijaloraiory,  Hilrer 
Spring,  Marylmi  Fungicides  wore  mcorporsti'd  in 
the  materials  before  spraying  hut  the  compounds  uhhI 
were  not  disclosed.  After  six  months1  exposure  in  the 
roofed  jungle  chamber,  alight  fungus  growth  vraa 
present  on  shout  one-half  of  the  panels  and  in  almost 
all  cases  d  wan  associated  with  inm-  t  debris.  In  «  few 
rase*  the  fengus  growth  had  extended  out  from  the 
insect  debris  in  a  smaller  circular  area  b*  to  in.  in 
diameter.  Vo  prominent  deterioration  of  the  coating* 
w>j  noted. 

Kab  W.vkdv.xh 

This  senna  of  maiei  ials  was  <  m*>~c  1  f.<r  the  1’ay  i  !u»- 
Artmstir  Laboratory,  Harvard  l  oi»er»tty.  Tlw  ear 
warden-  were  made  of  Vinyiitr  »Krh  contained  a 
b»gb  iwneuUge  of  castor  od  used  aa  an  ingmli».ft 
of  the  pfa?tifiipr,  ii%*  jer  cent  ilihydro\ydii"liloro- 
tliplir  vlmrihai  e  was  added  to  some  of  the  aanipb-s 
whns  other?  were  urtrealc-O.  TIsm-  wore  exposed  *Dd«*r 
•  aryiug  ronditieiis — indcori  and  i  utdoon  aitd  .n«»lc 
as,d  osU.de  a  small  rarrriug  <sp#-U. 

Aft»w  fix  months1  exposure  fnngua  growth  was  prv- 
vaVat  on  the  warduu  U-rooghout  the  smew  tteoar- 
a’  ‘t  was  toi.re  prevalent  sn  tlie  ti  »ted  than  the  aa 
,-  *  •  pleat.  Ineanabiy  tb»>  fnfevi*  <>«  the  tre»-r 

<Mp*e-  *  a*  rlreohr  appresaad  in  an  <h!t  Miu  whi  ‘ 

-  a*  s  led.  Tha  ?  >»n  A**!  wA  appear  «w  the  intreo-ed 
4‘h  The  hi  AM  ptAaMr  npi|pali«| 

rv 'uod  ptast-  ■«  ,  rrto«i»-rp,  is  add  •  r,  to  being 
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ineffective  in  the  prevention  of  wold  growth,  the 
added  fungicide  promoted  the  exudation  nf  plasticiser. 

A  Uuixh  coloration  w*»  not*d  in  both  ireatod  k^d 
untreated  ear  warden*  tad  thie  w*s  attributed  to  c 
«]jc  which  rit  transferred  from  tlac  carrying  eapau'.e 
to  the  va  Jena.  This  had  previously  been  ot  (served  in 
the  submitting  laboratory  and  measure*  taken 
to  correct  this  t*y  u*e  0/  1  pigment  instead  of  a  dye. 

l'ot  cit'frrr  Coxtaixeiw  rnn  K.va  Wamjexs 

T  Jim*  were  alao  submitted  by  the  Psycho-Aeoustic 
Laboratory  and  wore  exposed  in  the  rcafod  jungle 
chamber.  The  pouehette*  were  made  of  u  coated  fabric 
with  stitching  alonir  the  ed<r»*«  ;r*d  riih  bra-**  snap*. 
No  corrosion  of  the  metal  occurred  in  ‘he  Ty*  month/ 
exposure.  Surface  mold  appeared  on  the  exteriors  of 
all  trample*  and  within  the  last  month  mycelial  growth 
-ppreared  on  the  interiors  of  the  sp*x'iniei.*.  More  *ur- 
f*(v  growth  was  present  on  the  atitehing  than  ou  the 
plawtie  coating.  At  S'/a  mm  it  tie,  the  fabr»c  legan  to 
loo<*  its  pliability,  and  at  d1^  nunth*  ibis  was  more 
pronounced. 

Naorarsi!  EasmoKK  Socket* 

These  item*  were  also  snlnnitted  by  live  Fhjdio* 
Acivioiie  Laboratory.  The  socket*  were  of  two  tv  pet — 
sponge  neoprene  with  the  sponge  expound,  ind  the 
same  type  with  a  thin  sheet  of  incthtireal  neoprene 
ever  the  sponge.  Kxjrsmre  consisted  of  a  tbrev-monih 
period  in  the  roofed  jungle  chamber.  •  in  tiii*  wr?M 
the  sockets  with  expoaed  sponge  picked  i»p  abmst  5  g 
of  water  while  tfcoae  with  ihv  covered  rpong**  gained 
only  about  t  g  of  wal<  r.  ,l'bia  would  indicate  that  the 
euvtrred  sponge  type  would  probably  perform  much 
more  satisfactorily  under  prolonged  expoaure  to  hu¬ 
midity  than  the  uncovered  type,  particularly  since 
Mceamvc  water  absorption  would  result  in  marked 
distortion  of  the  socket 

TfcaT  Sajsrnk*  or  SlRlPfABir.  Si  HIT  C«iTt\oa 

TW  Naval  Ordiwsrce  lnix»ratoiy.  Silver  Spring, 
Maryland,  wilm  itted  this  aerie*  * 4  eight  tost  sample* 
to  detenasiae  whether  they  arc  smvrptibk*  to  attack  by 
iiisecti  or  other  an* male  They  “cr*  plated  in  the  ©pen 
jungle  and  afUr  six  months’  exposure  there  waa  no 
evidence  of  attack  hy  any  form  of  animal  life. 

Ore*,  avd  nwix-Hoxti®  t’oaa  Rsm-Laa 

Sjyvisnena  of  both  gie<*- bonded  and  reals  bonded 
cork  were  treated  with  amyl  are*,  ate  ronUdbny  varying 


percentage*  of  i^rauitropbwual  by  the  University  of 
Pennsylvania  »ad  for  **eh  percentage  treatment  of 
each  type  of  cork  there  wore  leached  and  unteached 
duplicate*.  Studies  on  optical  instrr.wnU  (Chapter 
3)  indicated  the  necessity  for  fungicidal  treatment 
of  cork  in  such  equipment  and  in  preliminary  trials 
panuiitrophenol  proved  to  furnish  excellent  protection. 
In  #11  fifty  samples  were  included;  there  wore  exposed 
fc?  six  month*  in  tlie  roofed  jungle-cxp^ore  .t.sPsl*‘i\ 
Except  in  the  caao  o*  thy  leached  resin-bonded  cork, 
no  fungus  growth  appeared  <>»i  any  of  the  eampl e* 
which  had  1.*  jier  cent  or  more  fungicide  by  weight. 
No  significant  differences  were  noted  lietwcvn  the 
glue-bonded  and  resin-bonded  corks.  These  result*  are 
imported  in  OBitO  llrpoi-t  5<>8t* 

(it, AS*  OoXK  Co.iTES  WITH  KoNGfriDAI, 

L .Uql'tTU  AKtl  Vabnishm 

Tliese  materials  «-©n.*h.tmg  of  fifteen  l-yd  unrip1  -s 
were  prepared  for  cxpnture  by  UP  n.>  order  to  obtain 
information  on  the  ivriormanoc  under  uatnrul  troja¬ 
ns!  condition*  which  o»uid  be  rorrcluted  with  lalx>- 
ratary  trwting  pro-wlurca  in  the  developnient  of  a 
standard  tret  method  for  toating  material*.  The  re¬ 
mit*  are  discusm)  iu  OSKU  Import  .'CM7.‘ 

Plant ir  Sample* 

These  ntalarial*  were  also  cxpoaetl  in  conjun<-tioii 
with  the  ITr  atuvlie*  on  teat  methods  m  order  t«  cor¬ 
relate  re  •jH*  of  tropical  etp  >»ure  with  Isboratory 
treU  in  lire  development  of  a  standard  teat  method  for 
evaluating  the  fungicidal  resistance  of  j  la-tus.  7*hc 
results  of  thaae  it  tidies  are  ditu  osmsI  in  Rcjsrrt 

5«88.‘ 

IIOOKIT  WlXtS 

These  iitrhuled  fMngvcnlailv  trv'ited  a  id  o»  treated 
wires  ideaticml  with  the  spre'iwam  urc»l  in  compara¬ 
tive  lshorsiorv  trial*  of  diSereat  tret  met  I  tod*  for 
evaluating  the  fsngtcidal  ravurtance  of  lux-kup  mr. 
OSKH  Ki*j*»rt  Mb*  ’  give*  tl»e  result*  of  thewe  <s»m- 
p'.rstne  iaNvra  ry  tret*  and  <«  trait j  three  with  the 
reretl*  ef  tropical  rxptmwrr. 

7*he  OfSoe  or  Krecanh  a—1  lovrWtion*.  Navy  |W 
partmeet,  ha»  roati  urel  to  operate  th«  Pure*  T‘»l 
-tat  e  thrvwyi  a  ewatrart  w ill  t«ie  UP  f.\.  tIm 
actmtia*  0 i  TI>AC  were  tenreaatrel.  Awmng  the  ma 
Uml«  which  e,r»  aarbr  itc-  are  *he«  the  (MK>e  o' 
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Jteararcfi  vnd  Inventions  a  wu  cried  the  contract  were 
the  following:  «  set  of  8,610  treated  cotton  fabric* 
aubmittod  b)  the  Engine**-  Board,  Fort  Uelvoir.  Vir¬ 
ginia;  a  set  of  865  sampler  of  treated  tw.nea,  netting, 
gaskets,  etc.,  submitted  by  the  tureen  of  Ships;  and 
a  aet  of  8,016  fungi<4dally  irntd  airt*,  supported 
in  trays,  aurbaxiUed  by  the  Naval  Bewarch  laboratory. 

Only  preii  mi-nary  report#  ca  thw  Riitmabi  had 
hern  made  prior  to  transfer  of  the  Panama  teat  sta¬ 
tion,  ku  it  has  Iren  the  policy  of  tin*  Ofr.cc  of  3b= 
search  end  inventions  to  <ontinoo  exposure  of  Army 
materia!*,  as  well  aa  Navy  matetisls,  erd  to  ma&c 
the  result#  available  to  the  subirunng  oilicre  or 
lahoratorst*. 

«  XEKJLTS  OF  MATERIALS  TESTING 
BV  EXPOSURE  IN  TIIS  TROPICAL 
ilOOSE  AT  THE  UlffYEltiiTY 
OF  PENNSYLVANIA 

In  connection  with  the  studica  (»u  optical  instru¬ 
ments  at  UP  there  *a  construct**!  a  tn.jyml  house 
in  which  the  natural  conditions  of  the  ('anal  Zone 
were  duplicated.  Temperature  and  humidity  were  con¬ 
trolled  so  aa  to  provide  a  daily  cycle  in  which  conden¬ 
sation,  so  important  in  tropical  eipoaure,  would  occur 
on  teat  materials.  Meprxntatne  fungi  and  rsaecte 
uatne  to  the  f’anal  Tone  Were  introduced  to  provide 
biological  ea-mt*  of  deterk>rat»n.  O.SitL)  Report 
4841!*  deernbas  tlw  4  ruction  and  operation  of  the 
tropical  ht.Uae. 

T!i*  tropical  ba-ce:  rat  ’~ilt  while  (he  studies  on 
optical  Inttmuj-M*  were  under  Urn  direction  of  N15R( 
Portion  16.1.  After  them  studia*  wtJV  trai-dVrred  t« 
THAO  and  a  le  »J  program  of  tropical  terting  wwa 
uo.  uiaken,  tins  facility  wr»  used  to  supplement  toft 
under  talanl  eoudiuma  In  Panama.  The  reautty  of 
the  vsnotia  teats  are  »u«wna  ruad  In  the  following.  A 
t'Aal  cf  o-wr  t.JW  M^itidual  i*«n§  were  exposed  in 
I  ha  tropect  ho  «e. 

LvATMn  ixn  K*»aic  f**ai  ixo  i’ask 

Tn*«  imp  npmeri  for  a  prevod  af  two  MMtiu  for 
the  teMT?  c«-cr  S'  *H  fahrre  tm  treated 

rvordifig  to  *[•*■«  *  -■*  w  •„!»  na"4itbe*'*t« 

(snlrant  iwer*-  -II  a-  ,v-  lra**w  win  dG  .W  i»  a  1 
per  fPt  af  sgsynt  jmafe  if  lanafNpaiaal 

a  ad  *  *  ■  •*  — »  * •  ■  -r  - 

Ivhhm  at  lM  rntmimim  *4  d-  sat  1LM  ra  ^ 


present  on  the  external  fabric  hut  not  vouspkuoiwly, 
whili  live  internal  fabric  surface  was  irregularly 
spotted  with  fungi. 

Gl’cf-C'omk  tsn  PatK  icru  Com  HAiim.rs 

Thaw?  meiterkU  wo  ali»o  ewpowd  for  the  Engineer 
Hoard  And  tkrv  included  WS  samples  of  glue-cork  com¬ 
positions  with  various  fungicidal  treatments  end  2-4 
aaiuplas  of  fungi*  Idtlly  treated  cork  packaged  with 
different  materials.  The  exposure  perim!  uraa  tv«» 
moitlw, 

AH  of  the  glmM^rk  ccmp^itimi-  had  approxi¬ 
mately  73  per  cent  or  more  of  their  surfaces  covered 
with  fungi.  The  fungicides  used  were  phenyl  mercury 
derivative*  which  were  applied  in  varying  rmrwitm- 
tions  and  with  different  solvents. 

Tlie  same  fungicidal  treatments  were  naed  on  the 
cork  which  was  packaged.  Some  rm-lbwds  of  packaging 
were  more  susceptible  to  fungus  attack  than  others, 
hnt  a  considerable  number  of  samples  supported  abun¬ 
dant  fungus  growth — m  some  cai-es  the  podagra  be¬ 
came  uriHcaled  or  tlw  lalwls  were  obscured.  A  paraffined 
package  and  a  metal-foil  package  whhh  were  opened 
showed  the  cork  contents  in  excellent  condition.  All 
other  samples  were  returned  to  the  Engineer  Hoard 
for  examination. 

Eaw  Witnrsa 

The*''  materials  arc  the  same  aa  those  expoacd  in 
Panama  and  which  are  dlactuused  in  Section  9.8.  In 
petri  dish  teats  wardens  treated  with  1,  8,  sad  3  per 
cent  of  tetrabrom  orthocreaol  a1  d  d  hydroxydi  hlero- 
diphenylmethaoe  all  supported  fungus  growth.  Aft*** 
one  month  in  the  tropical  hoo«»  all  remained  free 
from  fungus  except  1  and  t  per  cent  treatments  of 
difrvdroxrdichlorodiphei<ylmrthane,  which  showed 
fungus  growth  near  thr  area  of  contact  «ith  a  shelf 

r alter,  samples  with  -*i  J»er  cent  of  tin?  fangicilre 
were  alao  hated  id  cu  lure  didwa  ot»  a ■  iarral  salts 
agar  sihI  i=i  the  Lropu-1  hmtar.  AH  aapla  in  fire 
p»ln  dislt  \trtt  da  elojied  fnugu  g“'Wth  in  rtnr.ip 
Aagrrea.  Thom  in  the  trop-r«J  house  rrmawted  free 
from  fungi  aft*  r  'Si  »rek/  rip* ware.  None  of  tha  *L*- 
•  InrathsS'  nr  rvwdaOou  of  ptastiHarr  *>  bHh  deveUped 
ta  Hta  f ana  mu  ex]wure  eerarrvl  with  tlw«w  la  the 
trv^cal  Mare. 

J’vuan*  hxwri** 

iiu  rare  *  mi  male*  ala  »w»  prepere.  .  tha  Hake- 
Hta  Cttqvsi.wa  la  their  at  *»  am  aa  p  *-  rt  far  TDAC 
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»n«i  tlie  ingredients  were  varied  one  at  a  time.  Viny- 
lite  wa*j  the  landc  plastic  present  in  all  the  aa  tuple* 
TU«  detailed  reanjla  with  reference  to  the  extent  which 
|}i ewe  material*  supported  fungus  growth  after  tlirw? 
iDoiuths*  cvpostmj  i»  the  toEipieiii  house  are  giver,  lu 
OSitD  Rejxjrt  5688.*  The  remits  of  the  teats  conduct¬ 
ed  by  the  I’» Wc-lite  Ocrporaiioii  o?i  the  same  series  of 
sample*  an*  given  in  OSRD  llepori  5683.* 

Le-sthf:u  from  Jajukmsi;  Si  tor. 

Tins  sample  wa>  taken  frow  an  Hiiu&ed  shoe  in  ator- 
»go.  After  sis  weak*’  exposure  abundant  ftitigu* 
growth  was  present  on  the  stitching,  and  cocM  be  de¬ 
tected  microscopically  on  extensive  areas  of  the 
leather.  However,  rnaprosoopicaUT  the  leailier  apfieared 
in  relatively  good  condition.  Oliemical  analysis  hy  the 
Viatiunsl  Bureau  of  Standards  did  uot  reveal  any  fnn- 
gici.Jai  tualcwjst.  It  t^iu  further  indicated  that  the 
leather  contained  but  little  grssae  and  that  a  catechol 
tanning  material  was  uned,  therefore  little  nutrient 
was  available  to  support  fungus  growth. 

POLIROII)  LiESSKS 

The  Hnrean  of  Medudne  and  Surgery,  Nary  Depart - 
i»ie?nt,  submit  ted  these  lenaea,  which  were  exjioaed  for 
m  v  weeks.  The  polarizing  lenses  were  of  lam i acted 
cellule. Sc  acetate  composition.  Fungus  growth  amoci- 
st-^d  with  organic  detritus  occurred  on  ti  e  len*  surfaces 
without  damage  to  the  lenses.  When  Ike  lensaa  were 
placed  on  the  floor  of  the  tropical  house,  considerable 
separation  of  tin  lamination*  occurred  with  fungua 
altomiant  on  tlie  inner  aurfc  «s  of  the  laminationa. 
Sitch  a  test  as  this  is,  of  course,  much  more  revere  than 
the  conditions  whi^h  the  lenv*  would  be  expected  to 
nscct  in  use,  and  it  would  normally  he  expo. ted  that 
no  fungus  damage  or  separation  nf  clenenti  would 
oesetir. 

S»AtT  CCMUMg  AsaRXBLT 

'f’hi*  item  was  svh*n>Uod  hy  the  Office  of  tL_  Chief 
oi  Ordnance:  no  fungiridal  treatments  ne’e  applied 
to  anv  portion  of  the  assembly,  The  n-iwe  obnoni  dc- 
velopinwntM  aftrr  eight  week**  exposure  were  tba  ertfcn- 
sivewarjang  of  the  plywood  bottom,  pronounced  rust¬ 
ing  or  taiks,  and  heavy  rWd  ov«*r  rather  large  areas 
of  tlw  leather  covering,  Stitching  threads  alaa  aup- 
ported  heavy  mold  growth. 

t'OATEO  Lr.SSUd 

Them*  consist^  >f  40  lenars  which  were  ousted  wit  I 
el«*sr  lacquer*  as  follow*:  ethyl  c*l!a' *ae  plw  ft  per 


cent  reeat  in.  ethyl  cellulose  pin*  1  [vr  ccut  iicrlhi. 
©?Btc.  Vinylite  laoquei  S-tfWl,  Dulac?  lacquer  WA.TIicms 
were  prepared  in  conjunction  with  tlie  pregrrm  of  the 
TDAC'  Sr.beojisriittee  nn  Optical  I  r  xtrutnaoL*.  After 
two  week*3  exposure  wiih  the  lenaea  snpjjorted  on  glam 
rods  so  as  to  avoid  contact  with  organic  materials,  the 
treated  Lnse#  and  about  half  cf  t he  Icn.-ts 
coeted  with  Dulse  Iarqvuir  wiare  free  from  fungus 
growth.  Practically  «H  of  the  remainder  showed  fungus 
growth  in  varying  degree#  Darin#  an  additional  two 
weeks'  expusnre  organic  no*,  ter  is!  was  allowed  to  come 
in  contact  with  the  !en«v  and  four  of  tlw  ten  for¬ 
merly  fungus-free  Merililo1  t.  <  ntted  Mtmph*  devel¬ 
oped  fungi.*  growth.  None  of  the  other  treate<1  lenses 
were  free  from  nioht,  aud  aU  tlwi-e  iienatiii-t  rented 
showed  heavy  growth.  Those  <xmt«*d  with  \  i'  vlitc  lac¬ 
quer  developed  cor.  iilerwble  blistering  and  cr*"kitig 
in  the  coating. 

Another  eerie*  of  lenses  coated  with  ximi!  vr  mate¬ 
rials  (ethyl  cellulose,  Yin  vlitc,  YYHH,  awl  otilaK-w** 
acetate,  each  with  3  per  cent  Mcrthiolnte  (free  acid), 
and  Dow-Corning  Drain  Nu.  2015  in  a  surface  lacquer) 
gave  simitar  mult*  after  aix  weeks'  exp«*nirr\  They 
all  eupjv.rfed  fnngu#  growth  to  a  *'iglitlv  greeter  ex¬ 
tent,  but  the  sample*  were  in  coiriait  with  decaying 
organic  material  throughout  the  period  of  tc«t.  Al¬ 
though  the  Vinylite-matcO  samples  showed  tlie  great¬ 
est  development  of  fungi,  there  wire  no  moietun  ef¬ 
fect#  of  the  .mating  as  in  tin?  other  coating*. 

VllLU’MOEt  Q.tSR  KTs 

There  were  also  prepared  in  conjunction  with  the 
program  of  the  TDAC  Subcommittee  on  Optical  In- 
struments.  They  consisted  of  ten  tain  pies,  some  of 
which  were  untreated,  w»n*<*  socked  in  aholxdic  iler- 
thiolatc  (free  i*id)  solution  only,  and  aonte  'oate.1 
with  alhyl  <t»lluIoe»»  pia*  Merthiolate  (frtc  acid)  afi<  r 
soaking.  After  five  w*cks  thoac  ahi  h  were  untreated 
thus  *<d  ei tensive  mold  development,  but  all  of  the 
trea'cvl  *smplea  were  free  fioas  mold 

C«Miii>  PiauKTinx  8-  trzw  Bjiurnu 

TIi***  were  t  bmitlod  by  tit*  I’tctorial  Engineering 
Kee«ar.  h  latt^jrato  y.  Signal  f'wrp*  Photographic  Cca 
ter,  *nd  ertiw.'stcd  of  semplas  af  oomrarmally  av«  ia  le 
projection  arrceti  materials.  The**  eawplea  wert  io- 
•*  idalc.1  with  a  sp»»r*  •nqa-nsvm  U  f  we  ptvewv  t 
mi  the  troimwt  I  too*.  Aficr  two  e, -ka  I- 

bearr  rrowth  wa*  pn-w-nt  on  i  I  f  thr  mmpUa,  with 
alight  to  **  *  ‘a  w  a  parei-t  on  the  wlwte  anrfaeaa 
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A  atxbaeqtteftt  *qL  of  sample*  of  other  *crwn  mate¬ 
rial*,  •mac  of  which  had  fungicide*  incorporated  *11 
the  coating,  re re  exposed  for  18  d*y».  Fnngua  growth 
gccerally  did  not  dmiop  to  us  great  tn  extant,  nor 
was  staining  u  widaepread.  Bre*king-«trei>gth  deiet- 
mination  did  not  reveal  a  significant  low  of  fabric 
strength  n  the  abort  period  of  exposnre.  The  aaiopSfo 
were  returned  to  the  swbtnitting  laboratory  for  white¬ 
ness  xnd  brightness  testa,  l-t-t  information  concerning 
tin*  reaults  of  these  teat*  wit  not  received. 

TwnTan  Leant vt  Ca»m 

Three  leather  caae*  with  different  fungicidal  treat¬ 
ment*  were  submitted  hj  [hr  Pictorial  Engineering 
Research  Laboratory,  Signal  Corpa  Photographic  Cen¬ 
ter.  Two  of  them  were  gi*eu  the  treatment  indicated 
in  Ordnance  Department  Specification  AXSU1418. 
This  rail*  for  a  mixture  of  Mtlicylauilide,  isopropyl 
alcohol,  wax,  and  dry-cleaning  aolveut  in  spec  fic  pro- 
l*>rtion*.  With  cue  caae  the  wax  was  omittrd.  The 
Atxtr  i-«m  was  p'opad  in  c  1  p* '  w>nf  eolation  of  Sxa- 
tubrite.  Af ter  tl  it exposure  tho  artflcy»*.nili<]'  - 
treated  meet  rtrewed  only  very  alight  growth  of  fun¬ 
gus,  while  the  other  allowed  abundant  fuugua  apotting. 

Pilt  Saurur? 

This  mieccUftiKHjua  lot  of  dtffereut  kinda  af  fait  waa 
a l*o  sulMaitted  by  the  Pictorial  Engineering  Hoeearch 
Imboratcry,  Signal.  Corp*  Photographic  (>ul*r.  Fun¬ 
gicidal  treatment*  rpphad  to  mme  of  tins  i ample*  were 
effective,  wheraaa  entrsetad  control*  deve'opcd  consid¬ 
erable  mold, 

in  addition  to  the  material*  which  an  individually 
^numerated  above,  other  items  were  t<  tted  *uch  as  a 
fnngicldal  paint,  glass  ousted  with  a  fungicidal  lac¬ 
quer,  awl  a  fungicidal  lens  cleaning  compound,  bnt 
noor  of  tlMMt  ahnwed  anr  fungicidal  propertia*  in  the 
♦  ropical  honae  teat, 

TESTS  UNDER  SIMULATED  TROPICAL 
CONDITIONS  EMPLOYING  MITE- 
FUNGUS  POPULATIONS 

Thu  teat  method,  which  ha*  b-aa  i*a*d  at  th*  Uni- 
rereity  of  1‘itUburgh  in  evalwatmg  prrforn»*»ce  of 
malarial*  under  troyuoal  ronditmu,  ha*  been  daaenbed 
in  OSRI)  Report  54;®’*  It  ha*  brem  tnduaUd  in 
t 'h *pt*r  3  that  Urn  method  was  uaa»  in  the  praliaii- 
nan  »  rrening  »f  contari  fungicides  far  epr^eal  taatrn- 


ment*.  The  reference  report  give*  the  statists*!  be*>* 
f  n  (he  evaluation  of  these  material*.  The  studio*  on 
optical  icotmmenU  were  liegun  !>y  NI)BC  Section 
16  l  and  acre  later  transferred  to  TO  At’. 

The  teat  chamber*  used  in  this  met.iod  are  prepared 
by  placing  atari!#  upha^nnm  sum*  in  the  bottom?  of 
container*  and  then  inoculating  them  with  mitre  *jd 
fungi.  Hif'h  bnioiditios  are  maintained  in  the**- 
chambers.  Tret  material*  are  pinvwl  on  the  hod  of 
cphtgnnin,  and  observation*  are  made  at  appropriate 
intervals 

This  to-t  method  wa*  developed  in  order  to  furnish 
a  realistic  tost  procedure  for  optical  instruments  in 
which  the  mite  factor  wa*  dom'neut.  In  the  early  in¬ 
vestigation*  ou  optica!  instrument*  a*  well  as  on  other 
materia)*,  considcreble  attention  wa*  directed  to  the 
role  of  mitre  in  the  deterioration  prmtnw,  particularly 
a?  agent*  by  which  fungus  spores  are  distributed.  Hub- 
sequent  report*  uf  field  observation#  *re  not  <x*iuu*tent 
with  reape,  t  to  the  importance  of  mitre  in  (lie  infesta¬ 
tion  of  materials,  and  the  result*  obtained  by  this 
nietixd  mu.-t  he  interpreted  accordingly. 

The  following  w«ra  among  the  material*  tested  at 
the  University  ef  Pittsburgh. 

RxpRKlMKXTaL  ftXSOCULil*  TuSATKD  WITH 

Frxotntun  ritwoN-^mtH  tYunvo 

This  larlma-fiiver  coating  wa*  live  *atr,c  whi<h  wa* 
apjihad  to  the  ceUophane  wrapjx  re  <>f  the  jwckapxl 
friut  bar*  (see  Section  Threw  prir*  of  binocular* 
w*ith  c^ac*  were  »#*<!;  different  fonwnlatxvn*  of  the 
elating  acre  applied  to  the  interiors  of  th».  cases  and 
tire  interiors  and  exterior*  of  the  instrument*  The 
duration  of  the  eipoeure  was  four  w,-<-ka. 

Furvgu*  g'tnrlh  wa*  particularly  abundant  on  the 
interior*  of  the  caare,  whuh  indicate*  that  the  treat¬ 
ment  wa*  insAWioe  in  lit#  protect ioa  of  the  leather 
Kungua  growth  wa*  also  pram  at  id  varying  degree*  in 
the  interior*  of  the  me*,  rument*.  However,  this  w  ex¬ 
plained  in  part  by  >h  fact  that  dte  iaatrumaati  were 
not  sealed  and  the  mttce  in  the  teat  chats  •  woaM 
have  had  saay  aeeew  tn  the  re  tenor  of  l he  w  -ininte&t* 
and  would  thus  infect  them  with  fangs*  aporv*.  Thu 
aenre  to  rmphaaiae  the  importance  of  eeeh  if  optical 
inatrwwewta. 

Uomparatively  little  faagwa  growth  wa*  fwauwl  oa 
'hr  'rewio'  tilmon  of  tbs  btnansUn  aaaf  Um*  wow  Id 
uqw<  that  the  oa  ■  i'-«lver  coating  Kay  ha**  am 
valtw  in  protr.  ■  qg  the  eitaraaj  r  rfaca*  of  opaw», 
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N" eofubjsr-L 'oATtri  Fxbkkjuji  (Torn 

Three  different  samples  of  these  materials  wen- 
placed  ni  the  teat  chambers  for  a  four-week  period  and 
the  result*  indicated  that  these  materials  did  not  sup¬ 
port  fungus  growth.  Theac  results  confirmed  teats 
which  had  previously  been  made  on  similar  materials. 

K’su'kkxhental  Clutch  Facing* 

These  samples  were  prepare*!  using  various  pereent- 


a»fes  of  iron  in  iron-hrou*e  powder  mixes,  and  the 
print ipal  observation  to  be  nude  wa*  the  extent  to 
which  corrosion  occurred  The  material*  were  submit¬ 
ted  by  the  •  )f!ice  of  tin?  Chief  of  Oi.  . t<« ■*•*.  The  de¬ 
tailed  formulations  were  not  submitted.  Upon  rwturn 
of  t l»e  materials  to  the  submitter,  dytam -meter  testa 
were  to  be  made  to  determine  the  extent  to  which  real 
damage  resulted  from  the  exposure. 

One  specific  formulation  proved  to  !>e  less  susoep- 
tildc  to  cornwon  than  (lid  the  otliev  formulations. 


Chapter  10 

RECOMMENDATIONS  FOR  FUTURE  WORK 


*«>  INTRODUCTION 

wrimiius  mi'  pouuioixo  (iiapH-rs  uf  this  report 
W  have  reviewed  tlu-  problem*  of  the  tropical  tie* 
terioratiu:;  uf  equipment  and  nuterials  mid  the  result* 
of  studies  to  develop  met  I  kx)  a  to  prevent  sneli  deterio¬ 
ration,  this  ehapler  outlines  the  problem*  which  an* 
still  in  need  of  fnrtlier  investigation  for  the  following 
materials  :  textiles  and  cordage,  electric  and  electronic 
equipment,  synthetic  resinr,  plastics,  and  1 1  as  tidier*, 
ami  photographic  equipment  and  supplies.  The  aspects 
of  the  prevention  of  tropical  deterioration  of  optical 
i  list  rum*  nt*  and  the  lonrdinatiou  of  test  method*  on 
mIi id i  further  information  is  needed  an*  given  in 
<  liaptei*  3  ami  8  respectively. 

At  the  termination  of  the  aitnitiee  of  the  Tropical 
h-torioration  Administrative  Committee,  tire  individ¬ 
ual  subcommittee*  submitted  moinmendations  which 
•ere  eonremwl  with  problems  for  future  investigation. 
The  recommendation*  sa  given  here  are  those  which 
Wito  made  by  the  several  siilKoirtmitlce*. 


'«J  RECOMMENDATIONS  OF  THE  SUB¬ 
COMMITTEE  ON  TEXTILES 
AND  CORDAGE 

1.  Tho  effect  of  light  on  the  do<w»n!]»  notion  of 
tell ulose  sliould  l«e  undertakes!  as  a  fundamental  study 
to  provide  data  for  n«*  in  formulating  applications  to 
prevent  light  determratiiwi  as  well  as  biological  deteri- 
oration 

tf.  UetM<arrh  directed  toward  h  mod 'fit  at  ion  of  tbe 
die«iin*l  s-rmtnr*  of  cDlidoee  to  increase  its  roeiat- 
mit-e  to  nncrohiologiial  attack  should  he  cm  on  raged. 

•'I.  Tt»e  Use  of  synthetic  filers,  such  a*  Nylon  and 
Viriyun.  who  li  are  inherently  resistant  to  mimslno- 
logical  determratiou,  slunld  h<  nuc  raged  wherever 
pme1  hk  in  military  equipment  alpeh  might  br  u«ed 
in  t  rotor** I  areas 

4.  Keeearrh  should  l>r  <v»nt>nt»*d  ;  fnng  ole*  and 
apoi)  ati  f.«r  texti1 *'  *  ami  n,n!a/»  r<y««fwnet  t  to  he 
s*etl  m  tropical  *r**».  I’articwlar  ai'-ntm®  shoal*'  1» 
d  rpv'ot  toward  a  sear  h  f*»r  fn#t  4dal  mater 
which  •  n  rmtu'i  Ui  h»o*ana 

’<  F«rll»er  eork  >  '  I  Is  «‘t*n  arage|  t«*  «Ut-r- 


niine  the  medianiam  of  biological  deterioration  of 
natural  f;L_ra  in  order  l!i*l  ihe  uen-'upnteul  of  formu¬ 
lations  to  prevent  this  action  could  !*•  approached  with 
liettcr  understanding. 

It  ia  indeed  gratifying  that  investigations  ou  all  of 
tlie  aliove  problem*  arc  among  those  rliicli  were  re|>- 
nwented  in  February  1346  in  tlw  rifcari.li  program 
of  tlie  Military  Hanning  Division  of  tin*  Office  of  the 
Quartermaster  General. 


»s  RECOMMENDATIONS  OF  T1IE  SUB- 
COMMITTEE  ON  ELECTRICAL  AND 
ELECTRONIC  EQUIPMENT 

1.  Investigations  should  be  conducted  on  lanoc  ma¬ 
terials  used  in  electronic  equipment  to  determent  their 
loss  of  projwrtiee  with  else  abeorpt  on  of  water,  wet¬ 
tability  of  surface,  thmensi  mal  stability,  anti  Mieir 
susceptibility  to  fungal  atU'-h. 

i.  Investigations  shonlj  !*•  carried  on  to  develop 
touting  material*  width  ad!  form  a  noiivrettahk  sur¬ 
face  on  sohtl  dielect  no*. 

3  The  fungus-proof  mg  of  Mitu.ii  for  electrical  usts 
should  U*  uiv  r*  tigaUsl  I  >•  it  tructural  moth  fit  alien 
or  by  the  add  1 6  m  of  inhibitory  themical*  to  the  cot¬ 
ton  fibers  in  the  tl  read-tpiarnng  process  with  llte  coti- 
> deration  that  such  treatment*  would  be  move  durable 
ami  effectiv.  than  tht  addition  of  fungicide*  to  the 
wire  finish 

4.  The  validity  of  test  method*  and  *-tandard*  use* I 
in  aped  Real  io-is  should  be  subjected  to  laboratory  in- 
v  ligation*  a  id  eorrrlaiel  with  a  coodtPcn  of  tU*- 
triewl  stress  and  ae4uil  w-rvies  life.  Ths  exported 
wrvhe  life  uisbr  humid  tropnwl  omilit-nto  »  f  v*n*”>* 
eompmeuta  ar-d  a*swathU<d  ioe  *t.isua(K>ns  rquijw-.,  nt 
•fiouhl  tw*  determined . 

A.  Reyvorta  f  ‘•W  le  obtained  from  personnel  who 
operated  «*r  rwumlitienevl  t4c  tr  m  •  saitii  >  *  *trt*>« 
equi,  »>•*  nt  tlu.  was  untie  rotwktwt**  «f  ei/c'wv  .e  bo¬ 
wk?  itr.  giving  their  ooiurwewdat  r.s  far  sxrwptwMl 
gtswl  t-  f*fma.  is  of  ,  -  ie  eq»*p'  -ents  and  «»<*•}»► 
nents  aa  r  Wwi'H  in  p1  vsme-it*  u  «k*ir  **e*- 

,  firir  oe  tisle  awl  iaa>tu«tw 

4  Hydfauhr  i  aissianir  prwsf u*«  (W  4s<  sar 
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Held  equipment  should  l*e  develop'd  for  use  under 
condition*  of  excessive  dampness. 

7.  An  electrical  ntoHsurenicnl  should  he  develojied 
which  will  give  a  quantitative  measure  of  degradation 
and  be  applied  to  electrical  coni]Hments  which  have 
IhtU  suhjc*  ted  to  staudaid  fungus  tests  as  t  required 
part  <»f  the  prmrdure. 

*.  Liaisou  and  coordination  should  Ik*  continued 
l«ctvrt*cn  the  various  hranrhi's  of  the  Service,  that  arc 
investigating  uud  engineering  electronic  communica¬ 
tions  equipment  for  use  in  tropical  and  arctic  climate*. 

*«»  RECOMMENDATIONS  OF  THE  SUB¬ 
COMMITTEE  ON  SYNTHETIC  RESINS, 
PLASTICS,  AND  PLASTICIZERS 

This  sulx-ommittce  recommended  that  investiga¬ 
tion*  on  the  deterioiatiou  of  plddi* «  Ik*  contiiiaed  to 
provide  information  on  the  following  hrood  problems: 

1.  Tin*  susceptibility  of  the  basic  components  of 
plastic  materials  to  fungus  attack. 

2.  The  effects  of  fungi  and  moisture  on  properties 
of  plastics,  mechanical  as  well  ai  electrical. 

3.  The  sterilisation  ef  pU«tie  muterialH  lo  eliminate 
<*ontantinatiug  organisms  on  control  specimen*  in  in¬ 
vestigations  of  physical  and  elfclrieal  properties. 

t.  The  inmrooratiuii  of  fungicide*  in  plastic  coin- 
positiorw  to  provide  |wnn*nent  protection  during  the 
-enio*  life  of  the  product*. 

*o s  RECOMMENDATIONS  OF  THE  SUB- 

COMMITTEE  ON  PHOTOGRAPHIC 
EQUIPMENT  AND  SUPPLIES 

1.  Investigation  ami  lieckgruund  re*ea*-ch  should 
Ik*  continued  in  I  he  stud*  of  coni|>onMt  and  consul- 
ueiit  i  aterial*  f»r  pbitograplnc  n*e*.  Tina  diould  in¬ 
clude  a  rtudv  of  the  <h*ng<-  in  all  (icrtinent  pliycral 


properties  of  such  unit)  rials  due  to  moisture,  tempera¬ 
ture,  .he  action  of  fungi,  and  other  deteriorating 
agents  of  the  tre,pics. 

2.  The  program  Mioiild  be  curried  on  to  cr-onlinate 
tlte  results  of  laUiratury  investigations  and  particu¬ 
larly  te»t  method*  with  actual  deterioration  in  the 
field,  with  the  end  in  view  of  providing  a  fundamental 
basis  for  comparing  the  deterioration  produced  in  test 
chamt>ers  with  the  deterioration  that  ov  urs  *u  the 
field  under  na'ura!  tropica)  conditions  and  ultimately 
standardizing  the  test  methods  used. 

3.  Data  should  lx  collected  upon  the  |x*rformanee 
of  equipment  under  tropical  conditions  to  establish 
the  relationship  Iw-twecn  |x*rfonnance  degradation  ami 
physical  deterioration  and  to  determine  suitable  ojht- 
ational  ranges  for  all  classes  of  jvhotogrupliic  equip- 
ment  ami  supplies. 

+.  Cuntiaued  study  should  Ite  devoted  to  obtaining 
the  Uwt  possible  coating  materials  and  preservative* 
needed  to  insure  -vdcqua'c  tropic-proofing  an  I  to  pro¬ 
long  tl*e  service  life  of  photographic  materiel  under 
field  eondltions. 

■V  A  program  should  lie  initiated  to  investigate  tiie 
nonnutiieut,  watirproof,  substitute  syr.theti*  nmte- 
naie  to  repla -e  gelatiu  in  film  and  in  filter  manufac¬ 
ture.  Included  in  this  study  should  Ik*  the  investiga¬ 
tion  of  appropriate  dyes  to  I**  used  with  new  ,acdia 
and  the  improvement  of  tk?  support  material*  them- 
selves. 

fi  further  attention  iliould  la*  dire*  ted  to  improve 
and  simplify  the  design  and  const  rwi-i  ton  of  cwimra*. 
eh.,  i  i  order  to  allow  for  ready  inter*  hangc#mity  of 
parts  ami  to  make  field  maintenance  easier  under  trop- 
i**l  *  perating  eoovlitions  Provisions  should  be  made 
to  inelude  protective  and  preservative  features  wher¬ 
ever  i.*1  erase  ry. 

7.  More  efficient  rid  cx|>odieiit  prrxtvl ure*  ami  tech¬ 
nique*  to  lie  used  in  the  field  maintenance  problems 
under  tropica!  t*ondit:on*  should  be  developed. 
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In  tropical  warfare,  equipment  and  supplies  are  exposed  to  heavy  rainfall  and  high 
relative  humidity,  which  together  introduce  numerous  problems  relative  to  performance  and 
serviceability.  Activities  concerned  with  fungi,  isolated  in  studies  of  Panama,  are  re¬ 
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equipment,  and  electric  and  electronic  equipment  is  discussed.  At  the  time  of  the  Jap¬ 
anese  surrender,  valuable  preliminary  results  had  been  obtained  from  studies  but  none 
had  reached  completion. 
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